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During  July-September  1972,  439  oceanographic  observations  were  taken  ' the 
Labrador  Sea,  Irminger  Sea,  and  Baffin  Bay  as  part  of  the  NORLANT-72 
Exercise.  One-third  of  these  observations,  mostly  expendable  bathythermo- 
graphs uBTs),  were  converted  into  sound  velocity  profiles  using  Wilson's 
equation  and  historical  salinities.  These  data  were  adequate  for  temporal 
and  spatial  analysis  in  the  central  Labrador  Sea  and  along  tracks  between 
this  region  and  the  Denmark  St-iit,  Reykjanes  Ridge,  and  the  Carey  Islands 
in  northern  Baffin  Bay.  Oceanographic  data  also  were  adequate  to  define 
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INTRODUCTION 

(C)  The  NORLANT-72  Exercise  was  conducted  froni  July  through 
September  1972  in  the  western  North  Atlantic  Ocean  north  of  45°N 
in  a region  including  the  Labrador  Sea,  Irminger  Sea,  and  Baffin 
Bay.  The  following  ships  took  part  in  the  exercise: 

• USNS  SANDS  (T-AGOR-6), 

• USNS  HAYES  (T-AGOR-16), 

• USNS  LYNCH  (T-AGOR-7) , 

• R/V  PIERCE, 

• R/V  LANGEVIN,  and 

• CFAV  QUEST. 

Oceanographic  data  were  collected  from  SANDS,  HAYES,  and  LANGEVIN 
and  from  various  aircraft  for  use  in  determining  environmental 
effects  on  acoustic  propagation.  A preliminary  analysis  of  the 
sound  velocity  structure  of  the  exercise  area  was  given  by  Fenner 
and  Bucca  (1972)  based  on  a very  limited  number  of  data  points. 

This  report  supplements  the  preliminary  NORLANT-72  sound  velocity 
analyses  and  includes  additional  sound  veloeity/temperature-salinity 
(T-S)  comparisons.  Baking  use  of  177  additional  observations. 

DEFINITIONS 

('■:}  For  purposes  of  this  report,  the  depth  of  the  deep  sound 
channel  (DSC)  axis  is  defined  as  the  depth  of  the  absolute  sound 
velocity  minimum.  Critical  depth  is  defined  as  that  depth  where 
the  maximum  sound  velocity  at  the  surface  or  in  the  mixed  layer 
recurs,  and  as  such  demarcates  the  bottom  of  the  DSC.  Depth 
excess  is  defined  as  the  interval  between  critical  depth  and  the 
seafloor  and  is  necessary  for  convergence  zone  propagation  from  a 
near-surface  source.  All  depths  are  given  in  meters  (ra),  all 
distances  in  nautical  miles  (nm)  and  all  sound  velocities  in 
meter*  per  second  (s/sec).  All  bottom  depths  have  been  corrected 
for  variations  from  a standard  sound  velocity  of  1S00  m/sec  using 
the  depth  correction  tables  of  Matthews  (1939).  Sound  velocity  data 
presented  in  this  report  have  not  been  extended  below  the  maximum 
depth  of  observed  data  owing  to  expected  data  variability  throughout 
the  exercise  area. 


1 


CONFIDENTIAL 


CONFIDENTIAL 


(U)  The  NORLANT-72  Exercise  was  divided  into  the  following  three 


phases: 


• Phase  I:  15-29  July  1972, 

• Phase  II:  30  July-18  August  1972,  and 

• Phase  III:  22  August-19  September  1972. 

These  three  phases  oceanographically  correspond  to  early,  middle, 
and  late  summer. 


DISCUSSION  OF  ENVIRONMENTAL  DATA 
A.  Data  Availability 

(U)  Table  I summarizes  the  oceanographic  data  collected 
during  NORLANT-72  by  phase,  platform,  and  the  following  categories: 

• Expendable  bathythermographs  (XBTs),  including 
Sippican  Model  T-5  probes  (1830  m)  and  T-7  probes  (760  m), 

• 330m  Ari/SSQ-36  airborne  expendable  bathythermographs 

(AXBTs) , 

t Sal inity-temperature-depth  (STD)  profiles, 

« Conducti vi ty-temperature-depth-sound  velocity  (CTD/SV) 

profiles, 

• Sound  velocimeier  profiles  (SYPs),  and 

e Sea  surface  teRperature  (SST)  observations. 

In  addition,  current  tfeter  measurements  were  obtained  at  one  location 
throughout  the  exercise  by  the  Naval  Oceanographic  Office  (NAVQCEANC). 
The  locations  of  these  various  observations  are  shown  in  figures  3 
through  S of  Fenner  and  Succa  (1972).  Table  II  gives  the  location 
and  Baxisu*  depth  of  STDs,  CTO/SVs,  and  SVPs  taken  by  SANDS  during 
all  three  phases. 

(C)  Host  oceanographic  obsc^ations  collected  during 
N0RlA,\7-/2  were  either  iSTs  or  AXSTs.  Many  of  these  observations  were 
taken  within  a five-degree  square  between  50* -5S*K  and  in 

the  vicinity  of  the  four  primary  reference  stations  (stations  A,  8. 

C,  and  0).  However,  during  Phase  i,  SBT  and  AX8T  observations  were 
taken  by  SANDS,  RAVES,  and  various  aircraft  squadrons  to  the  north 
and  east  of  the  prirary  operating  area  (OPAPfA).  Coring  Phase  51, 
HAYES  lock  a line  of  VBrs  be ‘ween  the  primary  OPAREA  and  the  Reykjanes 
Ridge.  During  Phase  III,  GUEST  and  SANDS  took  a line  of  *6Ts  Into 
Baffin  Bay. 
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T-5  T-7 


XBT  XBT 

AXBT 

STD 

CTD/SV 

SVP 

SST 

PHASE  I 

(15-29  July) 

SANDS 

4 41 

_ 

-0- 

2 

4 

(2) 

HAYES 

15  33 

- 

-0- 

-0- 

-0- 

-0- 

LYNCH 

-0-  -0- 

- 

-0- 

-0- 

-0- 

-0- 

VXN-8 

_ 

51 

- 

- 

- 

- 

VP-24 

- 

68 

- 

- 

- 

- 

PHASE  II 

(30  July-18  August) 

SANDS 

17  29 

. 

3 

-0- 

5 

(2) 

HAYES 

2 7 

- 

-0- 

-0- 

-0- 

-0- 

LANGEVIN 

8 -0- 

- 

-0- 

-0- 

-0- 

-0- 

PIERCE 

-0-  -0- 

- 

-0- 

-0- 

-0- 

-o- 

VP-405 

- 

23 

- 

- 

- 

• 

PHASE  III 

(22  August-19  September) 

SANDS 

5 40 

-0- 

4 

1 

(2) 

QUEST 

-0-  64 

- 

-0- 

-0- 

-0- 

-0- 

VP-405 

“ 

12 

- 

- 

- 

- 

POST  PHASE 

III  (18-20  October) 

LYNCH 

-0-  -0- 

- 

-0- 

-0- 

-0- 

-0- 

TOTALS 

52  214 

154 

6 

10 

Notes:  • (2)  indicates  observation  every  2 hours 
• - indicates  not  applicable 


TABLE  I.  SUMMARY  OF  NORLANT-72  OCEANOGRAPHIC  DATA  (U) 
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STATION 

NUMBER 

DATE 

(1972) 

TIME 

(GMT) 

PHASE 

LAT 

(N) 

LONG 

(W) 

MAX  I Ml 
DEPTH 

CTD/SV  1 

17  Jul 

1530 

I 

52°00‘ 

44044 ' 

1008 

CTD/SV  2 

18  Jul 

2255 

I 

53°55 1 

44°50' 

649 

SVP  1 

19  Jul 

1800 

I 

53°55' 

44049. 

2772 

SVP  2 

20  Jul 

2114 

I 

55°48' 

43°23' 

3087 

SVP  3 

22  Jul 

0330 

I 

58°42‘ 

38°25' 

2935 

SVP  4 

24  Jul 

0200 

‘I 

55°50' 

34°01‘ 

1403 

SVP  5 

31  Jul 

020. 

II 

53°59' 

44°51 ' 

3234 

STD  1 

31  Jul 

0500 

II 

54°02' 

44°56‘ 

1498 

STD  2 

1 Aug 

2100 

II 

51°56' 

45°10' 

1513 

SVP  6 

2 Aug 

0015 

U 

51 °52 1 

45° 1 4 1 

3602 

SVP  7 

2 Aug 

2034 

II 

52°58‘ 

4404s . 

3619 

STD  3 

3 Aug 

0025 

II 

52°57' 

44°51 ' 

1490 

SVP  8 

12  Aug 

1545 

II 

53°48' 

45°00' 

3577 

SVP  9 

17  Aug 

1100 

II 

52°00' 

45°00' 

3367 

CTD/SV  3 

24  Aug 

2315 

III 

50°56‘ 

42  0 1 2 ' 

2958 

CTD/SV  4 

30  Aug 

0615 

III 

57*04' 

51°57“ 

2995 

CTD/SV  5 

31  Aug 

2115 

III 

53°58‘ 

44°46' 

2972 

CTD/SV  6 

3 Sep 

1000 

III 

51°59‘ 

44°50‘ 

2970 

SVP  10 

4 Sep 

0200 

III 

52°00' 

44°57 ' 

3700 

Notes:  • Upcasts  and  downcasts 

available 

for  STOs  and 

SVPs,  downcasts 

only  available  for  CTD/SVs 

• Times  and  positions  are  for  downcasts  in  all  cases 


TABLE  II.  USNS  SANDS  STD,  CTD/SV,  AND  SVP  OBSERVATIONS  (U) 
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B.  Treatment  of  Data 

(U)  Most  sound  velocity  data  presented  in  this  report  were 
calculated  from  XBT  or  AXBT  temperature  traces  and  historical  salinity 
values  using  the  equation  of  Wilson  (1960).  In  all,  163  XBT  or  AXBT 
traces  were  converted  into  sound  velocity  profiles.  Salinity 
correction  factors  for  use  in  Wilson's  equation  were  determined  at 
10-m  depth  increments  in  all  cases.  The  XBT  or  AXBT  traces  were 
machine  digitized  at  10-  to  15-m  depth  increments.  Therefore,  the 
salinity  correction  factor  lying  ut  the  depth  closest  to  the  given 
temperature  point  was  used  in  calculating  the  sound  velocity  for 
that  point.  Only  three  salinity  profiles  collected  during  the 
exercise  were  used  in  the  calculation  of  sound  velocities,  one  at 
station  A,  one  at  station  B,  and  one  midway  between  these  stations. 

The  remainder  of  the  salinity  profiles  used  in  the  sound  velocity 
calculations  were  taken  from  historical  summer  data. 

C.  Relative  Data  Accuracy 

(U)  Six  different  instrument  types  were  used  to  collect 
environmental  data  during  NQRLANT-72:  SVPs,  STDs,  CTO/SVs,  T-5 

XBTs , T-7  XbTs,  and  AXBTs.  Only  two  of  these,  the  SVP  and  CTD/SV, 
measure  sound  velocity  directly.  Both  systems  have  an  accuracy  of 
±0.3  m/sec.  In  addition,  the  SVP  system  has  a maximum  resolution 
of  ±0.3  m/sec  at  the  lowering  rates  used  in  N0RLANT-72.  The  STD 
system  has  a temperature  accuracy  of  ±0.02°C,  and  a salinity 
accuracy  of  ±0.02°/oo,  leading  to  an  overall  calculated  sound 
velocity  accuracy  of  ±0.2  m/sec,  disregarding  any  inaccuracies  in 
Wilson's  equation.  The  T-5  and  T-7  XBTs  have  a temperature 
accuracy  of  aoout  ±0.02°C,  which  results  in  a calculated  sound 
velocity  accuracy  of  about  ±0.7  m/sec,  assuming  that  historical 
salinities  are  correct  and  that  there  are  no  inaccuracies  in  Wilson's 
equation.  Finally,  the  AXBTs  have  a temperature  accuracy  of  ±0.3°C 
(*0.5°F),  which  results  in  a minimum  calculated  sound  velocity 
accuracy  of  about  ±1.2  m/sec.  During  NQRLANT-72,  SANDS  STD  and  SVP 
upcasts  and  downcasts  were  equally  valid  in  terms  of  accuracy  and 
repeatability. 


(U)  Figure  1 shows  a comparison  of  sound  velocities  derived 
from  data  measured  by  various  systems  at  approximately  the  same  time 
and  location.  There  is  generally  good  agreement  between  the  various 
measurement  systems  considering  the  wide  variability  in  system 
accuracies  and  the  large-scale  oceanographic  variability  encountered 
in  the  NQRLANT-72  area  (Fenner  and  Bucca,  1972).  Sound  velocities 
below  the  DSC  axis  calculated  from  XBTs  appear  to  be  0.5  to  1.0  m/sec 
higher  than  sound  velocities  calculated  from  STD  data  or  sound 
velocities  measured  by  an  SVP  or  CTD/SV  system  for  the  three  positions 
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analyzed.  This  is  not  due  to  a salinity  error,  since  an  identical 
salinity  was  used  to  calculate  sound  velocities  for  both  the  STD  and 
XBT  shown  in  figure  1A  and  a second  identical  salinity  was  used  for 
those  in  figure  IB.  The  higher  XBT  sound  velocities  may  be  due  partially 
to  an  error  in  Wilson’s  equation,  as  originally  suggested  by  Carnvale, 
et  al.  (1968). 

(U)  The  extreme  variability  between  the  sound  velocity  profile 
calculated  using  SANDS  XBT  62  and  the  other  two  profilers  shown  in 
figure  IB  is  perfectly  possible,  since  all  three  observations  lay 
astride  the  Subarctic  Convergence  during  Phase  II.  Temperature 
variations  of  0.5°C  across  distances  of  less  than  10  nm  are  common 
along  the  Subarctic  Convergence,  particularly  at  depths  between  200 
and  400  m.  A 0.5°C  variation  in  temperature  can  produce  a sound 
velocity  variation  in  excess  of  2.0  m/sec  in  the  4°  to  6°C  temperature 
range  (NAV0CEAN0,  1962).  Physically,  the  XBT-derived  sound  velocity 
profile  shown  in  figure  IB  probably  is  the  result  of  an  intrusion  of 
warmer  North  Atlantic  Central  Water  under  the  Subarctic  Convergence. 

OCEANOGRAPHIC  OVERVIEW  OF  N0RLANT-72  AREA 


(U)  As  previously  stated  by  the  authors  (Fenner  and  Bucca,  1972), 
the  N0RLANT-72  area  is  "one  of  the  most  complex  oceanographic  regions 
found  in  the  North  Atlantic  Ocean".  Figures  2,  3,  and  4A  show  a 
generalized  picture  of  surface  circulation  in  the  exercise  area  during 
Phases  I,  II,  and  III,  respectively.  Figure  4B  shows  the  general 
surface  circulation  of  Davis  Strait  and  Baffin  Bay  (Phase  III,  only). 
Figures  2,  3,  and  4A  also  show  the  position  of  the  Subarctic  Convergence 
during  each  of  the  three  phases  of  the  exercise. 

(U)  The  Subarctic  Convergence  can  be  considered  as  the  oceanographic 
boundary  (front)  between  the  cold,  dilute  circulation  of  the  Labrador 
Current  and  the  warmer,  more  saline  circulation  of  the  North  Atlantic 
Current  (an  offshoot  of  the  Gulf  Stream).  The  position  of  this  feature 
as  shown  in  figures  2,3,  and  4A  is  based  on  temperature  contours  at  a 
depth  of  100  m since  this  front  often  is  masked  at  the  surface  by 
summer  insolation.  The  position  of  the  Subarctic  Convergence  varied 
between  the  three  phases  of  NORLANT-72,  particularly  in  the  region 
where  it  separates  the  warm-water  circulation  of  a semipermanent 
North  Atlantic  Current  gyre  from  the  colder  circulation  of  the  Labrador 
Sea  gyre.  However,  if  equal  amounts  of  data  were  available  farther  to 
the  north,  the  Subarctic  Convergence  probably  would  be  equally  variable 
in  shape  along  its  entire  extent.  This  front  can  extend  to  depths 
greater  than  1000  m off  Grand  Banks  (Fenner  and  Bucca,  1971),  and 
probably  extends  to  maximum  depths  of  about  500  m ir  the  exercise  area. 
Sound  velocity  profiles  astrida  or  on  opposite  sides  of  the  Subarctic 
Convergence  can  display  substantial  variations  over  relatively  small 
distances  or  tine  periods  (figure  IB). 
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(U)  Farther  to  the  north,  the  Polar  Front  separates  the  cold, 
dilute  waters  of  the  East  Greenland  Current  from  the  wanner,  more 
saline  waters  of  the  Irminger  Current  (an  offshoot  of  the  North 
Atlantic  Current).  Since  the  Subarctic  Convergence  does  not  close 
with  the  Polar  Front  during  sunnier  months  (Nunn,  1968),  warmer,  more 
saline  waters  of  the  Irminger  Current  turn  to  the  south  in  the 
Irminger  Sea  and  eventually  round  the  southern  tip  of  Greenland  to 
form  the  West  Greenland  Current.  This  current  is  warmer  and  more 
saline  than  the  Labrador  Sea  gyre,  and  hence  causes  higher  sound 
velocities  in  the  upper  1000  m of  the  water  column.  The  West 
Greenland  Current  is  apparent  as  a subsurface  flow  well  into  Baffin 
Bay.  This  intrusion  of  Atlantic  waters  into  Baffin  Bay  also  has 
pronounced  effects  on  sound  velocity  structure. 

(C)  Figures  2,  3,  4A,  and  4B  also  are  indices  of  the  various 
sound  velocity  analyses  contained  in  this  report  (cross  sections  and 
time  series  analyses).  In  addition,  these  figures  show  the  locations 
of  T-S/sound  velocity  comparisons,  salinity  profiles  used  In  calculating 
sound  velocities  from  XBT  traces,  and  various  Ocean  Weather  Stations  (OWS) 
found  in  the  NORLANT-72  exercise  area.  Since  the  exercise  area  is  so 
diverse  oceanographically,  the  various  sound  velocity  analyses  will  be 
discussed  as  follows: 

• Sound  velocity  structure  of  the  primary  OPAREA, 

• Sound  velocity  structure  between  station  B and  Denmark 
Strait  (northeast  of  primary  OPAREA), 

• Sound  velocity  structure  between  station  B and  the 
Reykjanes  Ridge  (east  of  primary  OPAREA),  arid 

• Sound  velocity  structure  between  station  B and  the 
Carey  Islands,  Baffin  Bay  (northwest  of  primary  OPAREA). 

Each  of  these  sections  is  proceeded  by  a short  discussion  of  the  general 
oceanography  for  the  region  involved  making  use  of  T-S/sound  velocity 
comparisons.  Direct  comparison  of  sound  velocity  structures  between 
the  NORLANT-72  phases  is  possible  only  for  station  B,  for  the  tracks 
southwest  of  station  B,  and  for  the  tracks  between  station  B and  the 
Reykjanes  Ridge. 

SOUND  VELOCITY  STRUCTURE  OF  PRIMARY  OPAREA 


A.  General  Oceanography 

(C)  The  primary  OPAREA  for  the  NORLANT-72  Exercise  was  a five- 
degree  square  between  50°-55°N  and  44°-49°W.  This  area  contained  the 
four  primary  reference  stations  (stations  A,  8,  C,  and  0)  and  is  outlined 
in  figures  2,  3,  and  4A,  The  primary  OPAREA  was  dominated  by  the 
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meandering  Subarctic  Convergence  during  all  three  phases  of  the  exercise. 
Figure  5 shows  temperatute  contours  at  a depth  of  TOO  m for  the  primary 
OPAREA  and  the  position  of  the  Subarctic  Convergence  for  each  of  the 
three  exercise  phases.  The  Subarctic  Convergence  occurred  between 
the  5°  and  6°C  isolines  at  a depth  of  100  m based  on  a rigorous 
inspection  of  NORLANT-72  XBT  data.  During  Phase  I of  NORLANT-72, 
the  Subarctic  Convergence  passed  through  all  four  of  the  primary 
reference  stations.  During  Phase  II,  this  front  passed  throuqh 
stations  C and  D,  but  separated  station  A (warm  side  of  front]  from 
station  B (cold  side  of  front).  During  Phase  III,  the  Subarctic 
Convergence  passed  through  stations  A and  C,  but  separated  station  B 
(cold  side)  from  station  D (warm  side).  The  meandering  nature  of 
the  Subarctic  Convergence  caused  marked  changes  in  sound  velocity 
structures  throughout  the  primary  OPAREA  over  relatively  small 
distances  and  time  periods  during  all  three  phases  of  the  exercise. 

(U)  The  following  T-S/sound  velocity  comparisons  have  beer, 
chosen  to  illustrate  the  very  complex  oceanography  of  the  primary 
OPAREA: 


m Figure  6,  located  at  station  A, 

t Figure  7,  located  at  station  B, 

• Figure  8,  located  in  the  North  Atlantic  Current  gyre,  and 

• Figure  9,  located  in  the  Labrador  Current  north  of 

Grand  Banks. 

The  data  shown  in  figures  6,  7,  and  8 were  collected  during  Phase  III 
of  the  exercise.  Therefore,  figure  6 shows  an  observation  lying  just 
on  the  warm  side  (almost  astride)  the  Subarctic  Convergence,  while 
figure  7 shows  an  observation  lying  on  the  cold  side  of  this  front. 

(U)  Three  major  surface  and  near-surface  water  masses  are 
found  in  the  primary  OPAREA:  very  cold,  very  dilute  Labrador  Current 

Water  (LCW);  much  warmer,  much  more  saline  North  Atlantic  Central 
Water  (NACW)  whicn  is  carried  by  the  North  Atlantic  Current;  and  a 
water  mass  with  intermediate  characters s^Cs.  called  Atlantic  Subarctic 
Water  (ASaW)  (Sverdrup,  et  al . , 1942).  Within  the  North  Atlantic 
Current,  NACW  is  found  between  depths  of  about  200  and  1600  m.  Within 
the  Labrador  Current,  LCW  is  found  between  the  surface  and  about 
1000  to  1200  m depth.  However,  ASaW  is  a surface  water  mass  that  can 
overlie  either  NACW  or  LCW  in  the  region  on  either  side  of  the 
Subarctic  Convergence.  All  of  these  water  masses  intermix  at  various 
depths  along  the  Subarctic  Convergence , leading  to  very  complicated 
T-S  relationships  and  equally  complex  and  spurious  sound  velocity 
structures. 
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(U)  The  primary  OPAREA  also  is  influenced  by  Arctic  Intermediate 
Water  (AIW)  that  probably  is  formed  north  and  west  of  the  Subarctic 
Convergence  by  sinking  of  ASaW.  To  the  south  and  east  of  the  Subarctic 
Convergence,  AIW  is  characterized  by  a salinity  minimum  at  depths 
between  about  8HQ  and  1800  m (Bubnov,  19Co).  However,  this  water  mass 
does  not  profoundly  affect  sound  velocity  structures. 

(U)  At  greater  depths,  the  entire  North  Atlantic  Ocean  is 
occupied  by  North  At1 antic  Deep  and  Bottom  Water.  This  water  mass 
generally  leads  to  a predictable  positive  sound  velocity  gradient 
below  depths  of  2000  to  2500  m.  However,  in  the  primary  OPAREA,  cold, 
dilute  Norwegian  Sea  Overflow  Water  (NS0W)  can  cause  a gradient 
change  in  the  deep  profile  (lower  velocities  near  the  bottom).  The 
effects  of  NSOW  on  near-bottom  sound  velocities  has  been  studied  in 
detail  in  the  Irminger  Sea  by  Guthrie  (1964). 

(U)  At  station  A (figure  6),  ASaW  overlies  an  intrusion  of 
NACW  between  26C  and  700  m.  The  DSC  axis  (260  m)  coincides  with  the 
bottom  of  the  ASaW  layer,  while  the  NACW  intrusion  causes  a sound 
velocity  perturbation  at  500  m.  The  two  separate  AIW  cores  at  900 
and  1300  m do  not  result  in  any  appreciable  change  in  the  positive 
sound  velocity  gradient  below  the  DSC  axis.  Below  about  2200  m,  the 
predictable  positive  sound  velocity  gradient  is  altered  by  NSOW.  At 
3000  m,  the  sound  velocity  is  nearly  2.0  m/sec  less  than  that  fouRd 
at  station  B (figure  7).  The  irregular  sound  velocity  structure 
above  the  0SC  axis  at  station  A is  a result  of  local  mixing  and 
turbulence  in  the  ASaW  layer  that  is  common  on  the  warm  side  of  the 
Subarctic  Convergence. 

(U)  At  station  G (figure  7)  ASaW  overlies  a layer  of  LCW 
between  160  and  OOO  m.  Below  BOO  t»  depth,  no  AIW  cores  are  observable 
in  the  NACW  layer,  indicating  that  AIW  may  be  in  the  process  of  formation 
north  and  west  of  the  Subarctic  Convergence.  The  DSC  axis  (160  m)  again 
coincides  with  the  bottom  of  the  ASaW  layer.  Several  sound  velocity 
perturbations  are  found  within  the  LCW  layer,  one  of  the»  (at  240  ») 
roughly  corresponds  with  the  depth  of  the  LCW  core.  There  is  no 
noticeable  change  in  the  deep  positive  sound  velocity  qradient  due  to 
NSOW  effects  at  station  5.  The  regular  (smoother)  sound  velocity 
structure  above  the  DSC  axis  is  ccaocn  ir.  the  Labrador  Sea  gyre,  and 
is  a further  indication  that  this  station  lay  cn  the  cold  side  of  the 
Subarctic  Convergence  during  Phase  Ut  of  the  exercise. 
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FIGURE  7.  TEMPERATURE-SALINITY-SOUND  VELOCITY 
PROFILES  AND  T-S  DIAGRAM  AT  STATION  B 
DURING  PHASE  III  (U) 
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(U)  In  the  North  Atlantic  Current  gyre  (figure  8),  the  upper 
100  m of  the  water  column  is  dominated  by  a low-salinity  layer  (less 
than  35°/oo)  that  most  likely  represents  warmed  LCW  transported  across 
the  Subarctic  Convergence.  The  salinity  at  50  m shown  in  figure  8 
corresponds  well  with  the  salinity  at  the  depth  of  the  LCW  core  shown 
in  figure  9.  Low-salinity  surface  water  of  apparent  Labrador  Current 
origin  has  been  found  during  summer  as  far  east  as  OWS  CHARLIE  by 
Husby  (1968).  However,  this  low-salinity  lens  has  only  minor  effects 
on  the  sound  velocity  profile.  Between  100  and  540  m,  the  sound 
velocity  profile  is  extremely  complex  owing  to  mixing  of  ASaW  and 
NACW.  This  mixing  is  a result  of  intrusion  of  NACW  into  a layer  of 
ASaW  that  extends  to  540  m.  In  this  layer,  repeated  sound  velocity 
maxima  apparently  correspond  to  intrusions  of  NACW,  whereas  sound 
velocity  minima  correspond  approximately  to  cores  of  relatively 
unmixed  ASaW.  The  DSC  axis  (350  m)  corresponds  to  the  ASaW  cell  with 
the  lowest  salinity,  rather  than  to  the  bottom  of  the  ASaW  layer. 

The  two  separate  AIW  cores  at  900  and  1300  m have  only  a slight 
effect  on  the  positive  sound  velocity  gradient  below  the  DSC  axis. 

Below  about  2200  m,  NSOW  has  a pronounced  effect  on  the  positive 
sound  velocity  gradient.  At  about  3000  m,  the  sound  velocity  is 
nearly  2.0  m/sec  less  than  at  station  A (figure  6)  and  nearly 
4.0  m/sec  less  than  that  at  station  B (figure  7). 

(U)  In  the  Labrador  Current  north  of  the  Grand  Banks  (fiqure  9), 
LCW  occupies  the  upper  1000  m of  the  water  column.  The  DSC  axis  (50  m) 
coincides  with  the  LCW  core  (temperature  minimum  in  a layer  of  increasing 
salinity).  The  sound  velocity  gradient  change  at  about  360  m depth  is 
caused  by  a temperature  maximum  at  the  core  of  a NACW  intrusion  into  the 
Labrador  Current.  At  a depth  of  1400  m,  the  sound  velocity  shown  in 
figure  9 is  about  2.0  m/sec  less  than  tnat  shown  in  figures  6,  7 and  8. 
This  may  be  due  to  the  preferential  flow  of  NSOW  under  the  Labrador 
Current  shown  by  Worthington  (1970). 

(U)  In  summary,  the  overall  sound  velocity  structure  of  the 
primary  0PAREA  is  most  complex  in  the  North  Atlantic  Current  gyre 
(figure  8),  least  complicated  in  the  Labrador  Current  (figure  9),  and 
of  intermediate  complexity  at  stations  A and  B (figures  6 and  7,  re- 
spectively). In  the  upper  2000  m of  the  water  column,  the  sound 
velocity  at  most  depths  is  greatest  in  the  North  Atlantic  Current 
gyre,  least  in  the  Labrador  Current,  and  intermediate  at  stations  A and 
B.  Sound  velocities  during  Phase  III  of  N0RLANT-72  are  generally 
greater  at  station  A than  at  station  B,  since  station  B lies  on  the  cold 
side  of  the  Subarctic  Convergence  rather  than  in  the  North  Atlantic 
Current  gyre.  The  effects  of  NSOW  in  decreasing  near-bottom  sound 
velocities  are  more  pronounced  in  the  North  Atlantic  Current  gyre 
than  at  station  B,  indicating  a possible  NSOW  flow  under  this  gyre. 

The  DSC  axis  has  the  greatest  depth  and  sound  velocity  in  the  North 
Atlantic  Current  gyre,  has  the  least  depth  and  sound  velocity  in  the 
Labrador  Current,  and  is  intermediate  in  terms  of  both  depth  and  sound 
velocity  at  stations  A and  B.  Generally  speaking,  sound  velocity  at 
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FIGURE  8.  TEMPERATURE-SALINITY-SOUND  VELOCITY 
PROFILES  AND  T-S  DIAGRAM  IN  NORTH 
ATLANTIC  CURRENT  GYRE  DURING  PHASE  III  (U) 
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FIGURE  9,  HISTORICAL  SUMMER  TEMPERATURE-SALINITY-SOUND 
VELOCITY  PROFILES  AND  T-S  DIAGRAM  IN  LABRADOR 
CURRENT  NORTH  OF  GRAND  BANKS  (U) 
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the  DSC  axis  is  greater  than  1472  m/sec  in  the  North  Atlantic  Current 
gyre,  less  than  1472  m/sec  in  the  Labrador  Sea  gyre,  and  between  1440 
and  1460  m/sec  in  the  main  flow  of  the  Labrador  Current. 

B.  Variability  of  Sound  Velocity  at  Station  A 

(C)  During  Phases  I and  III  of  N0RLANT-72,  station  A lay 
astride  the  Subarctic  Convergence.  During  Phase  II,  this  station  lay 
in  the  North  Atlantic  Current  gyre  (see  figure  5).  Adequate  data 
were  available  during  Phase  III  to  analyze  the  variability  of  sound 
velocity  within  a 15-nm  radius  of  station  A for  a 10-hour  period 
during  3-4  September.  Figure  10  shows  a time  series  plot  and 
contoured  presentation  of  sound  velocity  data  at  station  A during 
Phase  I for  the  upper  2000  m and  1000  m of  the  water  column,  re- 
spectively. The  observations  used  in  figure  10  are  identified  in 
table  III.  Their  locations  relative  to  the  average  Phase  III 
position  of  the  Subarctic  Convergence  are  shown  in  an  insert  to 
figure  10.  Profiles  1,  2,  and  5 are  in  the  colder  Labrador  Sea  gyre; 
profiles  4 and  6 are  in  the  warmer  North  Atlantic  Current  gyre;  and 
profile  3 lies  astride  the  Subarctic  Convergence. 

(C)  The  sound  velocity  variability  shown  in  figure  10  is  a 
result  of  temporal  and  spatial  variability  in  the  environment.  The 
maximum  depth  of  the  DSC  axis  (340  m)  occurred  on  profile  4 (warm 
side  of  front),  while  the  maximum  sound  velocity  at  the  axis  (about 
1475  m/sec)  occurred  on  Drofile  3 (astride  front).  The  minimum 
depth  of  the  axis  (150  m)  also  occurred  on  profile  3 (astride  front), 
whereas  the  minimum  sound  velocity  at  the  DSC  axis  (about  1470  m/sec) 
was  on  profile  5 (cold  side  of  front).  Over  the  10-hour  occupation, 
the  depth  of  the  DSC  axis  varied  by  190  m,  while  the  sound  velocity 
at  the  axis  varied  by  4.3  m/sec.  This  is  a rather  substantial  amount 
of  variation,  but  is  not  unexpected  in  the  vicinity  of  the  Subarctic 
Convergence.  The  irregular  shapes  of  the  sound  velocity  isolines  shown 
in  figure  10  are  the  result  of  intrusions  of  various  water  masses 
through  the  Subarctic  Convergence  and  'local  turbulence  along  this 
front.  During  this  occupation  of  station  A,  the  critical  depth  varied 
between  1600  and  1780  m due  to  changes  in  near-surface  sound  velocity. 
Since  the  corrected  bottom  depth  at  station  A is  approximately  4080  m, 
there  was  adequate  depth  excess  during  Phase  III  for  convergence  zone 
propagation  from  a near-surface  source.  The  following  table  summarize 
statistics  on  the  maximum  sound  velocity  in  the  mixed  layer  (MLV), 
nopth  of  'he  OSC  axis  (D3CD),  sound  velocity  at  the  DSC  axis  (DSCV), 
and  critical  depth  ^0)  for  the  Phase  III  occupation  of  station  A: 
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FIGURE  10.  VARIABILITY  OF  SOUND  VELOCITY  AT  STATION  A 
DURING  PHASE  III  (U) 
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PROFILE 

OBSERVATION 

DATE 

(1972) 

TIME 

(GMT) 

LAT 

(°N) 

LONG 

(°W) 

RANGE  FROM 
STATION  A 
(nm) 

1 

SANDS  CTD/SV  6 (D) 

3 Sep 

1800 

51 °59 ' 

44°50' 

6 

2 

SANDS  XBT  127 

3 Sep 

1900 

52°01 ' 

44°49' 

9 

3 

SANDS  XBT  128 

3 Sep 

2015 

51 °59 1 

45°00' 

1 

4 

SANDS  XBT  129 

3 Sep 

2230 

51 °59‘ 

45°03‘ 

2 

5 

SANDS  XBT  110 

4 Sep 

0200 

52°00‘ 

45°00' 

0 

6 

SANDS  XBT  130 

4 Sep 

0310 

52°03' 

44°48' 

10 

Notes:  « Nominal  position  of  station  A is  52°00'N,  45°0O'W 
• (D)  indicates  downcast 


TABLE  III.  IDENTIFICATION  OF  OBSERVATIONS  USED  IN  PHASE  III 
TIME  SERIES  STUDY  AT  STATION  A (U) 
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NO.  OF 


MINIMUM 

MEAN 

MAXIMUM 

RANGE 

0BS 

f'.LV 

(m/sec) 

1492.6 

1493.7 

1494.6 

2.0 

6 

DSCD 

(m) 

150 

220 

340 

190 

6 

DSCV 

(m/sec) 

1470.4 

1472.4 

1474.4 

4.3 

6 

CD 

(m) 

1660 

1730 

1780 

120 

6 

(C)  During  Phase  I of  NORLANT-72,  variation  in  sound  velocity 
structure  at  station  A should  be  quite  similar  to  that  shown  in 
figure  10,  since  the  Subarctic  Convergence  passed  through  station  A 
during  both  Phases  I and  III.  The  depth  and  sound  velocity  of  the 
DSC  axis  during  Phase  I should  be  similar  to  those  found  during 
Phase  III.  Critical  depths  during  Phase  T should  be  several  hundred 
meters  shallower  than  those  for  Phase  III  because  of  lower  near- 
surface temperatures.  During  Phase  II,  the  sound  velocity  structure 
at  station  A should  be  even  more  complex  than  that  for  Phase  III, 
since  the  station  lay  well  into  the  North  Atlantic  Current  gyre.  The 
depth  and  velocity  of  the  DSC  axis  should  be  greater  during  Phase  II 
than  during  Phase  III  due  to  higher  temperatures  expected  in  the 
North  Atlantic  Current  gyre.  Critical  depths  during  Phase  II  should 
be  a few  hundred  meters  deeper  than  those  shown  in  figure  10  owing  to 
higher  near-surface  temperatures  in  the  gyre.  However,  convergence 
zone  propagation  from  a near-surface  source  is  ensured  during  all 
three  phases  at  station  A. 

C . Variability  of  Sound  Velocity  at  Station  B 

(C)  During  Phase  I of  NORLANT-72,  station  B lay  astride  the 
Subarctic  Convergence,  while  during  Phases  II  and  III  this  station  lay 
just  on  the  cold  side  of  this  front  in  the  labrador  Sea  gyre  (figure  5). 
Data  were  adequate  during  Phase  I to  analyze  the  variability  of  sound 
velocity  within  a 15-nm  radius  of  station  B for  a 64-hour  period 
during  17-20  July.  During  Phase  II,  a similar  analysis  was  made  for 
a 60-hour  period  during  12-15  August.  Figure  11  shows  a time  series 
plot  and  a contoured  presentation  of  sound  velocity  data  at  station  B 
for  both  Phases  I and  II.  The  time  series  plots  are  for  the  upper 
2000  m of  the  water  column  and  the  contoured  presentation  for  the 
upper  1000  m of  the  water  column.  The  observations  used  in  figure  11 
are  identified  in  table  IV.  The  locations  of  these  observations 
relative  to  the  average  Phase  I and  II  positions  of  the  Subarctic 
Convergence  are  shown  in  an  insert  to  figure  11. 
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PROFILE 

OBSERVATION 

DATE 

(1972) 

TIME 

(GMT) 

LAT 

(°N) 

LONG 

(°w) 

RANGE  FROM 
STATION  B 
(nm) 

1 

HAYES 

XBT  7 

17  Jul 

0800 

53°53‘ 

44°59' 

7 

2 

HAYES 

XBT  8 

17  Oul 

2009 

54°04‘ 

45° 1 2 ' 

8 

3 

SANDS 

XBT  15 

18  Jul 

1200 

53°59‘ 

45°00' 

1 

4 

SANDS 

XBT  16 

18  Jul 

1600 

53°59‘ 

44°50‘ 

5 

5 

SANDS 

XBT  17 

18  Jul 

2000 

53°55' 

44044. 

11 

6 

SANDS 

CTD/SV  2 (D) 

18  Jul 

2255 

53°55 1 

44°50‘ 

8 

7 

SANDS 

XBT  18 

19  Jul 

1200 

53°54' 

44°53' 

7 

8 

SANDS 

SVP  1 (U) 

19  Jul 

1800 

53°55‘ 

44°50' 

8 

9 

SANDS 

XBT  20 

20  Jul 

0037 

53°59‘ 

44049- 

6 

PHASE  II 

1 

SANDS 

XBT  76 

12  Aug 

1230 

53°49‘ 

44°53‘ 

12 

2 

SANDS 

XBT  78 

i2  Aug 

2000 

53°48' 

44°56‘ 

12 

3 

SANDS 

XBT  79 

14  Aug 

0000 

53°53' 

44°48* 

10 

4 

SANDS 

XBT  80 

14  Aug 

0400 

54°03' 

44°58' 

3 

5 

SANDS 

XBT  81 

14  Aug 

0715 

53°48‘ 

44040- 

17 

6 

SANDS 

XBT  82 

14  Aug 

1720 

53°48' 

44040- 

17 

Notes:  • Nominal  position  of  station  8 is  54°00’N,  45°00'W 
• (U)  indicates  upcast,  (D)  indicates  downcast 


TABLE  IV.  IDENTIFICATION  OF  OBSERVATIONS  USED  IN  PHASE  I AND 
PHASE  II  TIME  SERIES  STUDIES  AT  STATION  B (U) 
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(U)  During  Phase  I,  profiles  1,  2,  3,  and  9 were  in  the  warmer 
North  Atlantic  Current  gyre;  profiles  5,  6,  7,  and  8 were  in  the 
colder  Labrador  Sea  gyre;  and  profile  4 lay  astride  the  Subarctic 
Convergence.  Therefore,  variation  ir,  sound  velocity  during  Phase  I 
at  station  B again  is  a result  of  temporal  and  spatial  variability 
in  the  environment.  The  maximum  depth  of  the  DSC  axis  (360  m)  occurred 
for  profile  3 (warm  side  of  front),  while  the  maximum  sound  velocity 
at  the  axis  (about  1474  m’/sec)  occurred  for  profile  1 (also  on  warm 
side  of  front).  The  minimum  depth  of  the  axis  (150  m)  was  found  on 
profile  5 and  the  minimum  sound  velocity  at  the  axis  (about  1469  m/sec) 
on  profile  6.  Profiles  5 and  6 were  on  the  cold  side  of  the  Sub- 
arctic Convergence.  Over  the  64-hour  occupation,  the  depth  of  the  DSC 
axis  varied  by  210  meters  and  the  sound  velocity  at  the  axis  varied  by 
4.3  m/sec.  Such  a variation  is  expected  along  the  Subarctic  Convergence. 
The  effect  of  the  Subarctic  Convergence  on  the  sound  velocity  isolines 
below  the  axis  can  be  seen  between  profiles  8 and  9 on  the  contoured 
section.  Profile  b lay  on  the  cold  side  of  the  front,  while  profile  9 
was  on  the  warm  side  of  the  front.  Therefore,  the  various  isolines 
tend  upwards  as  the  distance  between  isolines  is  compressed.  During 
the  Phase  I occupation  of  station  B,  critical  depth  varied  between 
1070  m (cold  side  of  front)  and  1340  m (warm  side  of  front). 

(IJ)  During  Phast  ,T,  profiles  1,  2,  and  3 were  in  the  warmer 
North  Atlantic  Current  gyrv  while  profiles  4,  5,  and  6 were  in 
the  colder  Labrador  Sea  gyrv,  thereby  resulting  in  a mixture  of  temporal 
and  spatial  variability  in  sound  velocity  structures.  The  maximum 
depth  of  the  DSC  axis  (200  m)  occurred  on  profile  2,  while  the  maximum 
sound  velocity  at  the  axis  (about  1473  m/sec)  occurred  on  profile  3. 

Both  profiles  were  on  the  warm  side  of  the  Subarctic  Convergence.  The 
minimum  depth  of  the  axis  (80  m)  occurred  for  profile  1 (warm  side  of 
convergence),  whereas  the  minimum  sound  velocity  at  the  axis  (about 
1470  m/sec)  was  found  on  profile  6 (cold  s:de  of  convergence).  Over 
the  60-hour  occupation,  the  depth  of  the  DSv  axis  varied  by  only  120  m 
and  the  sound  velocity  at  the  axis  varied  by  3.5  m/sec.  The  effect 
of  the  Subarctic  Convergence  on  the  sound  velocity  i soli  nos  below  the 
axis  can  be  seen  between  profiles  3 and  4 on  the  contoured  section. 

Since  profile  3 was  on  the  warm  side  of  the  front  and  profile  4 on  the 
cold  side,  the  sound  velocity  isolines  tend  downwards  the  distance 
between  the  various  isolines  is  compressed.  During  the  Fh.'se  ti 
occupation  of  station  B,  critical  depth  varied  between  1 21 G n.  (cold 
side  of  front)  and  1400  m (warm  side  of  front). 
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(U)  The  following  table  summarizes  sound  velocity  profile 
statistics  for  the  Phase  I and  Phase  II  occupations  of  station  B: 

NO.  OF 


MINIMUM 

MEAN 

MAXIMUM 

RANGE 

0BS 

MLV 

(m/sec) 

I 

1483.5 

1485.1 

1488.3 

4.8 

9 

II 

1486.4 

1487.4 

1489.4 

3.0 

6 

DSCD 

(m) 

I 

150 

230 

360 

210 

9 

II 

80 

130 

200 

120 

6 

DSCV 

(m/sec) 

I 

1469.3 

1471.5 

1473.6 

4.3 

9 

II 

1469.7 

1471.3 

1473.3 

3.6 

5 

CD 

(m) 

I 

1070 

1180 

1340 

270 

9 

II 

1210 

1280 

1400 

190 

6 

Both  the  depth  and  bound  velocity  of  the  DSC  axis  had  a greater  variation 
during  Phase  I than  during  Phase  II.  This  effect  car.  be  explained  by  the 
relative  position  of  the  Subarctic  Convergence  during  the  two  phases. 
During  Phase  II,  station  B was  more  strongly  influenced  by  the  colder, 
more  stable  Labrador  Sea  gyre.  During  Phase  I,  station  B was  influenced 
more  or  less  equally  by  the  Labrador  Sea  gyre  and  the  wanner,  less 
stable  North  Atlantic  Current  gyre.  The  lesser  mean  depth  and  sound 
velocity  of  the  DSC  axis  during  Phase  II  are  further  indications  that 
station  8 lay  generally  north  of  the  Subarctic  Convergence  during  this 
phase.  The  mean  critical  depth  during  Phase  I was  100  m shoaler  than 
during  Phase  II,  despite  the  increased  influence  of  the  North  Atlantic 
Current  gyre.  This  is  caused  by  less  surface  insolation  during  Phase  I. 
The  smaller  variation  in  critical  depth  during  Phase  II  indicates  more 
uniform  surface  insolation  later  in  the  summer. 

(C)  During  Phase  III  of  NOPLANT-72,  the  sound  velocity 
structure  at  station  8 should  be  quite  similar  to  that  shown  in 
figure  11  for  Phase  II.  However,  critical  depths  during  Phase  III 
should  be  a few  hundred  meters  deeper  than  those  found  during  Phase  II 
because  of  increased  surface  insolation.  During  all  three  phases, 
there  was  adequate  depth  excess  at  station  B to  ensure  convergence 
zone  propagation  from  a near-surface  source. 
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D,  Variability  of  Sound  Velocity  at  Station  D 

(C)  During  Phase  I of  N0RIANT-72,  station  D lay  astride  the 
Subarctic  Convergence  (figure  5).  During  this  phase,  data  were 
adequate  to  analyze  the  variability  of  sound  velocity  within  a 15-nm 
radius  of  station  D for  a 142-hour  period  during  19-25  July. 

Figure  12  chows  a time  series  plot  and  a contoured  presentation 
of  sound  velocity  data  at  station  D during  Phase  I.  The  time 
series  plot  is  for  the  upper  2000  m of  the  water  column,  the  con- 
toured presentation  for  the  upper  1000  m of  the  water  column.  The 
observations  used  in  figure  12  are  identified  in  table  V.  The 
locations  of  these  observations  relative  to  the  average  Phase  I 
position  of  the  Subarctic  Convergence  are  shown  in  an  insert  to 
figure  12. 

(C)  The  majority  of  the  profiles  used  in  figure  12  were 
or.  the  cold  side  of  the  Subarctic  Convergence,  the  exceptions  being 
profile  1 in  the  North  Atlantic  Current  gyre  and  profile  2 astride 
the  front.  During  the  142-hour  occupation,  131  hours  are  represented 
by  profiles  located  in  the  colder  Labrador  Sea  gyre.  Over  the 
occupation  as  a whole,  the  maximum  depth  of  the  DSC  axis  (380  m) 
and  the  maximum  sound  velocity  at  the  axis  (1476.2  m/sec)  occurred 
for  profile  1.  The  minimum  depth  of  the  axis  (100  m)  occurred  on 
profile  17,  while  the  minimum  sound  velocity  at  the  axis  (1466.7  m/sec) 
was  on  profile  4.  Both  these  profiles  were  on  the  cold  side  of  the 
Subarctic  Convergence.  Over  the  occupation  as  a whole,  the  depth 
of  the  DSC  axis  varied  by  280  m.  Over  a period  of  less  than  48  hours, 
the  sound  velocity  at  the  axis  varied  by  9.5  m/sec.  This  latter 
variation  is  larger  than  that  encountered  at  station  B during  either 
Phase  I or  Phase  II  (figure  11)  or  that  encountered  at  station  A 
during  Phase  III  (figure  10).  The  magnitude  of  this  variation  does 
not  appear  to  be  a function  of  the  length  of  occupation  or  placement 
of  stations  relative  to  the  Subarctic  Convergence.  Therefore  this 
large  variation  must  be  caused  by  greater  oceanographic  variability 
at  station  0 during  Phase  l of  the  exercise.  This  variability 
probably  is  related  to  the  proximity  of  station  0 to  the  ceRter  of 
the  North  Atlantic  Current  gyre  during  Phase  I (figure  5).  During 
the  total  occupation,  critical  depth  at  station  B varied  between 
12C0  m (profile  2)  and  1440  m (profile  22),  a variation  related 
to  changes  in  near-surface  sound  velocity.  Since  the  corrected 
bottom  depth  at  station  0 is  approximately  3880  m,  there  was  adequate 
depth  excess  during  Phase  1 to  ensure  convergence  zone  propagation 
from  a near-surface  source. 

(U)  During  131  hours  of  the  occupation,  all  profiles  lay 
within  the  colder  Labrador  Sea  gyre  and  were  not  subject  to  spatial 
variations  induced  by  the  relative  position  of  the  Subarctic 
Convergence.  Therefore,  these  profiles  offer  an  opportunity  to 
examine  truly  temporal  variability  ;n  the  primary  O® AREA.  During 
these  131  hours,  the  depth  of  the  OSC  axis  varied  from  100  to  220  n, 
while  the  sound  velocity  at  the  axis  varied  between  1466.7  and  1471.7  m/sec. 
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PROFILE 

OBSERVATION 

DATE 

(1972) 

TIME 

(GMT) 

LAT 

(°N) 

LONG 

(°w) 

RANGE  FROf 
STATION  D 
.. . (nm) 

1 

HAYES 

XBT 

15 

19  Jul 

0400 

52°58' 

46°17‘ 

10 

2 

HAYES 

XBT 

16 

19  Jul 

0800 

52°57 1 

46°00‘ 

3 

3 

HAYES 

XBT 

17 

19  Jul 

1500 

53°04'' 

45°49' 

4 

4 

HAYES 

XBT 

18 

20  Jul 

0219 

52°50‘ 

45°55 1 

10 

5 

HAYES 

XBT 

19 

20  Jul 

0800 

52°57' 

A5°53' 

5 

6 

HAYES 

XBT 

19A 

20  Jul 

1430 

52°57 ' 

45°52 1 

6 

7 

HAYES 

XBT 

20 

20  Jul 

1800 

52°56 ' 

45°55 1 

5 

8 

HAYES 

XBT 

21 

21  Jul 

0000 

52°54‘ 

45°55' 

6 

9 

HAYES 

XBT 

22 

21  Jul 

0800 

52°55 ' 

45°57  *' 

5 

10 

HAYES 

XBT 

23 

21  Jul 

1400 

52°53' 

45°56 1 

7 

11 

HAYES 

XBT 

24 

21  Jul 

2140 

52°55' 

45°58' 

4 

12 

HAYES 

XBT 

25 

22  Jul 

0200 

6„°00' 

45°57 ' 

2 

13 

HAYES 

XBT 

26 

22  Jul 

0800 

53°02 ' 

46°09' 

6 

14 

HAYES 

XBT 

27 

22  Jul 

1410 

53°00‘ 

45°58‘ 

1 

15 

HAYES 

XBT 

28 

22  Jul 

2045 

53°02 ' 

46°01 ' 

2 

16 

HAYES 

XBT 

29 

23  Jul 

0200 

53°03' 

46°02 ' 

3 

17 

HAYES 

XBT 

30 

23  Jul 

0800 

53°01 1 

45°58' 

1 

18 

HAYES 

XBT 

32 

23  Jul 

2000 

53°01 1 

46°00' 

1 

19 

HAYES 

XBT 

33 

24  Jul 

0200 

53°01 1 

46°02‘ 

1 

20 

HAYES 

XBT 

34 

24  Jul 

0800 

53°03‘ 

46°03’ 

4 

21 

HAYES 

XBT 

35 

24  Jul 

1400 

53°02' 

46°03' 

8 

22 

HAYES 

XBT 

36 

24  Jul 

2000 

53°01 ' 

46°02 1 

1 

23 

HAYES 

XBT 

37 

25  Jul 

0200 

53°01 ' 

46°01 ' 

1 

Note:  Nominal  position  of  station  D is  53°00'N,  46°00‘W 

TABLE  V.  IDENTIFICATION  OF  OBSERVATIONS  USED  IN  PHASE  II 
TIME  SERIES  STUDY  AT  STATION  D (U) 

31  CONFIDENTIAL 


ty^.v':£-  *! 


CONFIDENTIAL 


This  variation  appears  to  have  a 10-  to  12-hour  periodicity  that 
probably  is  due  to  internal  waves  generated  along  the  horizontal 
front  that  marks  the  bottom  of  the  ASaW  layer.  At  station  D,  this 
front  lay  at  the  approximate  depth  of  the  DSC  axis.  Further  evidence 
of  internal  motion  is  seen  in  the  form  of  the  1472  through  1480  m/sec 
sound  velocity  isolines  below  the  axis.  According  to  LaFond  (1962) 
internal  waves  commonly  are  observed  along  horizontal  water  mass 
boundaries.  These  internal  waves  frequently  have  a period  ap- 
proximating that  of  the  tide.  In  the  southern  Labrador  Sea,  the 
tides  generally  are  diurnal  (NAVOCEANO,  1965a).  Therefore,  internal 
waves  appear  to  be  responsible  for  some  part  of  the  variability  in 
sound  velocity  observed  at  station  D during  Phase  I of  NORLANT-72. 

(U)  The  total  variability  in  the  depth  of  the  DSC  axis  ob- 
served at  station  D during  Phase  I was  280  m.  This  variability  is 
a result  of  temporal  and  spatial  changes  in  sound  velocity  structure. 
During  the  131 -hour  period  when  all  observations  lay  in  the  Labrador 
Sea  gyre,  the  depth  of  the  DSC  axis  varied  by  only  120  m.  The  total 
variability  in  sound  velocity  at  the  axis  observed  durvng  Phase  I at 
station  D was  9.5  m/sec.  During  the  131 -hour  period  when  all 
observations  lay  on  the  cold  side  of  the  Subarctic  Convergence, 
the  sound  velocity  at  the  axis  varied  by  5.0  m/sec.  Therefore, 
about  45%  of  the  total  variation  in  DSC  structure  can  be  attributed 
to  temporal  variability  (internal  waves).  The  remaining  variation 
(55%)  probably  is  due  to  changes  in  the  position  of  the  Subarctic 
Convergence.  Internal  waves  probably  are  responsible  for  about  half 
of  the  variability  observed  at  other  reference  stations  in  the 
primary  0PAREA,  particularly  if  these  stations  either  lay  astride  or 
near  the  Subarctic  Convergence. 

E.  Sound  Velocity  Structure  from  Station  B to  Station  A to 

Grand  Banks 


(C)  During  all  tnree  phases  of  NORLANT-72,  data  were  adequate 
to  construct  sound  velocity  cross  sections  from  station  B to  station  A 
(due  south)  and  then  southwest  towards  Grand  Banks.  During  Phase  I 
(figure  2)  both  stations  A and  8 lay  astride  the  Subarctic  Convergence, 
and  the  Labrador  Sea  gy^e  intruded  between  these  stations.  The  front 
between  the  North  Atlantic  Current  gyre  and  the  Labrador  Current  was 
about  95  nm  southwest  of  station  A.  During  Phase  II  (figure  3), 
station  8 lay  just  north  of  the  Subarctic  Convergence  and  station  A 
lay  in  the  North  Atlantic  Current  gyre.  However,  the  first  30  nm  of 
the  cross  section  south  of  station  8 overlay  this  front.  During 
Phase  II  the  front  between  the  North  Atlantic  Current  gyre  and  the 
Labrador  Current  occurred  about  45  nm  southwest  of  station  A.  During 
Phase  III  (figure  4A),  station  B again  lay  just  north  of  the  Subarctic 
Convergence  and  station  A lay  astride  this  front  on  the  other  side  of 
the  North  Atlantic  Current  gyre.  The  front  between  this  gyre  and  the 
Labrador  Current  occurred  about  75  nm  southwest  of  station  A during 
Phase  III.  Therefore,  in  respect  to  the  station  B to  station  A to 
Grand  Banks  track,  the  North  Atlantic  Current  gyre  was  best  developed 
during  Phase  III  and  least  developed  during  Phase  I. 
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(U)  Figure  13  shows  a series  of  15  sound  velocity  profiles 
plotted  at  their  position  of  observation  normal  to  the  station  B to 
station  A to  Grand  Banks  track  during  Phase  I and  a contoured  cross 
section  of  these  same  data.  The  plot  of  sound  velocity  profiles 
versus  distance  extends  to  2000  m depth,  the  contoured  cross  section 
to  a depth  of  1000  m.  The  observations  used  in  figure  13  are  identified 
in  table  VI.  The  bathymetric  profile  shown  on  figure  13  is  from 
NAV0CEAN0  North  Atlantic  Regional  (NAR)  chart  4. 

(C)  During  Phase  I,  surface  sound  velocities  along  the 
station  B to  station  A to  Grand  Banks  track  varied  from  less  than 
1472  to  greater  than  1490  m/sec.  A mixed  layer  was  found  on  most 
profiles  at  a depth  of  10  to  30  m.  The  depth  of  the  DSC  axis  varied 
from  50  m in  the  Labrador  Current  (profile  14)  to  350  m in  the  North 
Atlantic  Current  gyre  (profile  7).  The  sound  velocity  at  the  axis 
varied  from  about  1455  to  about  1475  m/sec  between  these  same  two 
profiles.  Critical  depth  increased  from  900  m at  station  B to  1200  m 
at  a range  of  about  140  nm  from  station  B (in  the  North  Atlantic 
Current  gyre)  and  then  decreased  to  120  m in  the  Labrador  Current 
at  a range  of  about  325  m.  The  critical  depth  then  increased  to 
630  m at  the  end  of  the  track  due  to  increased  surface  insolation  over 
the  edge  of  Grand  Banks.  Depth  excess  along  the  entire  section  was 
adequate  to  e^'-.e  convergence  zone  propagation  from  a near-surface 
source.  However,  convergence  zone  propagation  was  impeded  farther 
to  the  southwest  by  the  shallower  bathymetry  of  the  Grand  Banks 
continental  slope. 

(U)  Sound  velocity  structure  along  the  entire  Phase  I track 
was  very  complex  and  variable  because  of  intrusions  of  water  masses 
through  the  meandering  Subarctic  Convergence.  The  cells  with  sound 
velocities  less  than  1472  m/sec  at  about  30  nm  from  station  B and  at 
station  A were  caused  by  intrusions  of  ASaW  and/or  LCW  into  the  North 
Atlantic  Current  gyre.  The  influence  of  this  gyre  to  the  north  and 
southwest  of  station  A is  seen  in  the  domed  structure  of  the  sound 
velocity  isolines  below  the  DSC  axis.  The  strong  temperature  minimum 
in  the  LCW  core  off  Grand  Banks  caused  a tongue  with  sound  velocities 
less  than  1460  m/sec  at  ranges  greater  than  240  nm  from  station  B. 

The  two  cell 5 with  sound  velocities  greater  than  1478  m/sec  (described 
by  profiles  11  and  14)  were  caused  by  intrusions  of  NACW  into  the 
Labrador  Current.  These  NACW  intrusions  led  to  perturbations  in  the 
positive  sound  velocity  gradient  below  the  DSC  axis, 

(C)  Figure  14  shows  a series  of  14  sound  velocity  profiles 
plotted  at  their  position  of  observation  normal  to  the  station  B to 
station  A to  Grand  Banks  track  during  Phase  II  and  a contoured  cross 
section  of  these  same  data.  The  observations  used  in  figure  14  are 
identified  in  table  VII.  Surface  sound  velocities  along  the  Phase  II 
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PROFILE 

OBSERVATION 

DATE 

(1972) 

TIME 

(GMT) 

LAT 

(°N) 

LONG 

(°w) 

1 

SANDS 

XBT  20 

20  Jul 

0037 

33°59* 

44049 

2 

SANDS 

XBT  14 

18  Jul 

0800 

52°23‘ 

45°02 

3 

HAYES 

XBT  6 

17  Jul 

0400 

53°13‘ 

45°04 

4 

SANDS 

XBT  13 

18  Jul 

0400 

52°40* 

44°  5 5 

5 

HAYES 

XBT  5 

17  Jul 

0000 

52°28' 

45°  04 

6 

SANDS 

CTD/SV  1 (D) 

17  Jul 

1530 

52°00‘ 

44044 1 

7 

HAYES 

XBT  3 

16  Jul 

0803 

51°32' 

45°54 

8 

HAYES 

XBT  2 ‘ 

16  Jul 

0400 

51  °06 ' 

46°25 

9 

HAYES 

XBT  1A 

16  Jul 

0003 

50°53' 

47°01 

10 

SANDS 

XBT  4 

17  Jul 

0040 

50°44‘ 

47°17 

11 

SANDS 

XBT  3 

16  Jul 

2230 

50°29' 

47°22 

12 

HAYES 

XBT  1 

15  Jul 

2000 

50°13‘ 

47°50 

13 

SANDS 

XBT  45 

29  Jul 

2045 

50°20' 

49°05 

14 

SANDS 

XBT  1 

16  Jul 

1430 

49°22 1 

48°33 

15 

VP-24 

AXBT  9 

21  Jul 

0106 

48°45‘ 

49°36 

Note:  (D)  Indicates  downcast 


TABLE  VI.  IDENTIFICATION  OF  OBSERVATIONS  USED  IN  STATION  B TO 
STATION  A TO  GRAND  BANKS  CROSS  SECTION  (PHASE  I)  (U) 
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PROFILE 

SANDS 

OBSERVATION 

DATE 

(1972) 

TIME 

(GMT) 

LAT 

(°N) 

LONG 

CM) 

1 

S VP  5 (U) 

31  Jul 

0420 

53°59‘ 

44°51 ' 

2 

XBT  78 

12  Aug 

2000 

53°48' 

44°56‘ 

3 

XBT  55 

31  Jul 

2040 

53°32‘ 

45°02' 

4 

XBT  85 

15  Aug 

1605 

53°21 ' 

44°54‘ 

5 

STD  3 (D) 

3 Aug 

0025 

52°57' 

44°51 * 

6 

XBT  87 

16  Aug 

0415 

52°27‘ 

45°1 7 1 

7 

STD  2 (D) 

1 Aug 

2100 

51°56' 

46  10' 

8 

XBT  49 

30  Jul 

1200 

52° 33' 

45°37‘ 

9 

XBT  67 

6 Aug 

2256 

51  °1 8 * 

46°18' 

10 

XBT  73 

11  Aug 

0800 

51°39‘ 

47  °4.?' 

11 

XBT  68 

7 Aug 

0400 

50’’45‘ 

470's  4. 

12 

XBT  68A 

7 Aug 

0800 

50°19* 

48°02' 

13 

XBT  71 

10  Aug 

2216 

50°31 ' 

49°15' 

14 

XBT  70 

7 Aug 

1600 

49-47. 

48°50' 

Note:  (U)  indicates  upcast,  (D)  Indicates  downcast 


TABLE  VII.  IDENTIFICATION  OF  OBSERVATIONS  USED  IN  STATION  B TO 
STATION  A TO  GRAND  BANKS  CROSS  SECTION  (PHASE  II)  (U) 
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track  varied  from  about  1475  to  greater  than  1490  m/sec.  A mixed  layer 
at  depths  of  20  to  50  m was  found  on  most  profiles.  The  depth  of  the 
DSC  axis  varied  between  40  m in  the  Labrador  Current  (profile  14)  and 
320  m in  the  North  Atlantic  Current  gyre  (profile  5).  The  sound 
velocity  at  the  axis  varied  from  less  than  1445  m/sec  for  profile  13 
about  1473  m/sec  for  profiles  6 and  8.  Critical  depth  varied  between 
1140  and  1550  m along  the  first  240  nm  of  the  track  and  then  rapidly 
decreased  to  450  m in  the  Labrador  Current  at  a range  of  about  300  nm 
from  station  B.  Critical  depth  then  increased  to  the  southwest  as  a 
result  of  increased  surface  insolation  over  the  edge  of  Grand  Banks. 
Depth  excess  along  the  entire  Phase  II  track  was  adequate  to  ensure 
convergence  zone  propagation  from  a near-surface  source. 

(U)  Sound  velocity  structure  along  the  Phase  II  track  was 
even  more  complex  and  variable  than  that  found  during  Phase  I 
(figure  13).  This  is  due  to  the  greater  development  of  the  unstable 
North  Atlantic  Current  gyre  during  Phase  II.  A cell  with  sound 
velocities  less  than  1472  m/sec  occurred  at  station  A despite  the  fact 
that  this  station  lay  well  into  the  gyre.  This  is  clear  evidence  of 
an  ASaW  and/or  LCW  intrusion  under  the  Subarctic  Convergence.  In 
addition,  two  tongues  with  sound  velocities  less  than  1472  m/sec 
intruded  under  the  Subarctic  Convergence,  one  from  the  north  and  one 
from  the  southwest  of  station  A.  This  second  tongue  was  associated 
with  the  Labrador  Current.  Tne  Labrador  Current  itself  apparently 
did  not  extend  as  far  northeast  of  Grand  Banks  during  Phase  II  as 
during  Phase  I,  since  sound  velocities  less  than  1460  m/sec  were 
not  found  at  ranges  less  than  about  290  nm  from  station  B during 
Phase  II.  However,  the  core  of  the  Labrador  Current  apparently  was 
colder  during  Phase  II  than  during  Phase  I.  The  influence  of  the 
North  Atlantic  Current  gyre  is  apparent  in  the  vicinity  of  station  A 
in  the  domed  structure  of  the  1476  through  1484  m/sec  sound  velocity 
isolines.  A NACW  intrusion  into  the  Labrador  Current  resulted  in  a 
cell  with  sound  velocities  greater  than  1480  m/sec  at  about  270  nm 
from  station  B (profile  12).  This  intrusion  was  more  pronounced 
during  Phase  II  than  the  intrusion  found  during  Phase  I at  approximately 
the  same  location. 

(C)  Figure  15  shows  a series  of  12  sound  velocity  profiles 
plotted  at  their  position  of  observation  normal  to  the  station  B to 
station  A to  Grand  Banks  track  during  Phase  III  and  a contoured  cross 
section  of  these  same  data.  The  observations  used  in  figure  15  are 
identified  in  table  VIII.  The  bathymetric  profile  shown  on  the 
extreme  right-hand  side  of  figure  15  is  identical  to  that  of  figure  13. 
Surface  sound  velocities  along  the  Phase  III  track  varied  from  about 
1486  to  about  1496  m/sec.  A mixed  layer  at  depths  between  20  and  70  m 
was  found  on  all  profiles  except  profile  12.  Surface  sound  velocities 
during  Phase  III  were  greater  than  those  during  either  Phase  I or 
Phase  II,  indicating  increased  effects  of  surface  insolation  during 
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PROFILE 

SANDS 

OBSERVATION 

DATE 

(1972) 

TIME 

(GMT) 

LAT 

. (°N)  . 

LONG 

(°W) 

1 

XBT  122 

1 Sep 

0010 

53°58‘ 

44°46' 

2 

XBT  123 

1 Sep 

0400 

53°47 ' 

44°41 ' 

3 

XBT  125 

1 Sep 

0805 

53°03‘ 

44044- 

4 

XBT  126 

1 Sep 

1200 

52°23' 

44040- 

5 

CTD/SV  6 (D) 

3 Sep 

1800 

51 “591 

44c50‘ 

6 

XBT  132 

9 Sep 

0400 

51 °59 1 

46°02‘ 

7 

XBT  133 

9 Sep 

0800 

51  °31 ' 

46°42' 

8 

XBT  134 

9 Sep 

1200 

51 °1 0 ' 

47°23* 

9 

XBT  95 

24  Aug 

0420 

49°55' 

45°54' 

10 

XBT  93 

24  Aug 

0000 

49°37* 

46°40' 

11 

XBT  136 

9 Sep 

2000 

50o06' 

48°54' 

12 

XBT  91 

23  Aug 

1600 

48°58* 

48°13‘ 

Note:  (D)  indicates  downcast 


TABLE  VIII.  IDENTIFICATION  OF  OBSERVATIONS  USED  IN  STATION  B TO 

STATION  A TO  GRAND  BANKS  CROSS  SECTION  (PHASE  III)  (U) 
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September.  The  depth  of  DSC  axis  varied  between  30  m on  profile  12 
(Labrador  Current)  and  420  m on  profile  3 (center  of  well-developed 
North  Atlantic  Current  gyre).  The  sound  velocity  at  the  axis  varied 
between  about  1449  m/sec  on  profile  11  and  about  1480  m/sec  on 
profile  3.  A minimum  critical  depth  of  1160  m was  found  at  station  B 
and  a maximum  critical  depth  of  1900  m was  found  at  a range  of  about 
270  nm  from  station  B in  the  region  dominated  by  the  Labrador  Current. 
Critical  depths  were  greater  during  Phase  III  than  during  the  other 
two  phases,  again  indicating  the  strong  and  continued  effects  of 
surface  insolation  during  September.  During  Phase  III,  depth  excess 
was  adequate  for  convergence  zone  propagation  from  a near-set  face 
source  over  most  of  the  track.  However,  convergence  zone  formation 
was  impeded  by  the  shallower  bathymetry  of  the  Grand  Banks 
continental  slope  at  the  southwest  end  of  the  track. 

(U)  Sound  velocity  structure  along  the  Phase  III  track  was 
even  more  complicated  and  variable  than  that  during  Phase  II  (figure  14), 
owing  to  maximum  development  of  the  unstable  North  Atlantic  Current 
gyre  that  dominated  the  first  195  nm  of  the  track.  Cells  with  sound 
velocities  less  than  1472  m/sec  were  found  at  station  B and  at 
ranges  greater  than  195  nm  from  station  B.  Sound  velocities  less  thu" 
1460  m/sec  occurred  at  ranges  greater  than  about  250  nm  from  station  B 
(similar  to  situation  for  Phase  I,  figure  13).  However,  the  North 
Atlantic  Current  gyre  was  the  primary  oceanographic  influence  along 
the  station  B to  station  A to  Grand  Banks  track  during  Phase  III. 

This  gyre  caused  the  closure  of  the  1480  m/sec  sound  velocity  Isolines 
on  either  side  of  profile  3 (midway  between  stations  A and  B)  and 
resulted  in  a cell  with  sound  velocities  greater  than  1480  m/sec  above 
the  DSC  axis  to  the  southwest  of  station  A.  The  unstable  nature  of 
the  North  Atlantic  Current  gyre  is  evident  in  the  convoluted  form  of 
the  greater  than  1480  m/sec  sound  velocity  isolines  north  of  station  A. 
The  NACW  intrusion  into  the  Labrador  Current  during  Phases  1 and  II  at 
a range  of  about  270  nm  also  occurred  during  Phase  III  (lens  with 
sound  velocities  greater  than  1476  m/sec),  but  in  a much  diminished 
form. 


(li)  As  previously  mentioned,  the  overall  sound  velocity 
structure  along  the  station  B to  station  A to  Grand  Banks  track  was 
most  complicated  and  variable  during  Phase  III,  least  complicated  and 
variable  during  Phase  I,  and  of  intermediate  complexity  and  variability 
during  Phase  II.  This  is  directly  related  to  the  North  Atlantic 
Current  gyre  that  was  best  developed  during  Phase  III  and  least 
developed  during  Phase  I.  The  following  table  summarizes  sound 
velocity  profile  statistics  over  the  track  as  a whole  during  the 
three  phases  of  HQRLANT-72: 
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NO.  OF 


MINIMUM 

MEAN 

MAXIMUM 

RANGE 

0BS. 

MLV 

(m/sec) 

I 

1471.7 

1484.3 

1490.8 

19.1 

15 

II 

1474.7 

1485.4 

1490.6 

15.9 

14 

III 

1486.7 

1492.6 

1498.0 

11.3 

12 

DSCD 

(») 

I 

50 

170 

350 

300 

15 

II 

40 

150 

320 

280 

14 

III 

30 

190 

420 

390 

12 

DSCV 

(m/sec) 

I 

1455.4 

1466.1 

1475.4 

20.0 

15 

II 

1444.6 

1456.7 

1473.3 

28.7 

14 

III 

1449.3 

1467.3 

1480.2 

30.9 

12 

CD 

vm) 

I 

120 

980 

1280 

1160 

15 

II 

450 

1240 

1550 

1100 

14 

III 

1160 

1340 

1900 

740 

12 

Both  the  mean  depth  and  sound  velocity  of  the  DSC  axis  ware  greatest  and 
most  variable  during  Phase  III,  in  keeping  with  the  maximum  development 
of  the  North  Atlantic  Current  gyre.  The  relatively  similar  mean  sound 
velocity  at  the  DSC  axis  during  all  three  phases  indicates  a similarity 
in  water  mass  types  over  the  track  as  a whole.  Mean  critical  depth  was 
greatest  during  Phase  III  and  least  during  Phase  I,  as  expected, 
because  of  increasing  surface  insolation  over  the  course  of  the  exercise. 
However,  critical  depth  was  least  variable  during  Phase  III  and  most 
variable  during  Phase  I,  Indicating  that  surface  insolation  was  most 
uniform  over  the  track  during  Phase  III  and  least,  uniform  during 
Phase  I.  The  statistics  on  the  maximum  sound  velocity  in  the  mixed 
layer  show  this  same  trend. 

F.  Summary  of  Sound  Velocity  Structure  Near  Stations  A and  B 

(C)  Station  A was  occupied  during  Phase  HI  of  the  exercise 
(figure  10)  and  station  B was  occupied  during  Phases  I and  II  (figure  11). 
In  addition,  a line  of  data  from  station  B south  to  station  A has  been 
analyzed  during  all  three  phases  of  N0RIANT-72  (figures  13,  14  and  15). 
8ecause  of  the  various  acoustic  exercises  carried  out  in  the  vicinity 
of  these  two  stations  throughout  the  exercise,  the  overall  sound 
velocity  structure  near  these  two  stations  is  briefly  summarized  in 
the  following  section. 
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(U)  Sound  velocity  profile  statistics  over  the  station  B to 
station  A track  for  Phases  I,  II,  and  III  of  the  exercise  are  as  follows 

NO.  OF 

MINIMUM  MEAN  “'‘XIMUM  RANGE  OBS. 

MLV 

(m/sec) 

I 

1484.7 

1488.0 

1490.2 

5.5 

6 

II 

1485.9 

1488.9 

1490.6 

4.7 

7 

III 

1487.7 

1492.1 

1498.0 

10.3 

5 

DSCD 

(m) 

1 

180 

230 

310 

130 

6 

II 

120 

200 

320 

200 

7 

III 

160 

260 

420 

260 

5 

QSCY 
(m/ sec ) 

I 

1469.0 

1472.0 

1473.2 

4.2 

6 

II 

1468.2 

1470.9 

1473.1 

4.9 

7 

III 

1471.3 

1473.9 

1480.2 

8.9 

5 

CD 

(m) 

I 

900 

1140 

1280 

330 

6 

II 

1220 

1370 

1530 

310 

7 

III 

1160 

1400 

1660 

500 

5 

Minimum  values 

of  these 

four  parameters  generally 

occurred 

at  station  B 

(northern  end  of  track),  while  maximum  values  were  found  at  the  center 
of  ti.e  variable  North  Atlantic  Current  gyre.  All  four  parameters  had 
greatest  mean  values  and  largest  variations  during  Phase  III,  coin- 
cident with  the  greatest  development  of  this  gyre.  During  Phase  II, 
the  mean  values  of  depth  and  sound  velocity  of  the  DSC  axis  were  less 
than  those  during  either  Phase  I or  Phase  III,  indicating  a greater 
influence  of  the  colder  Labrador  Sea  gyre  on  that  portion  of  the  primary 
GPAREA  near  stations  A and  8.  This  was  caused  by  3 tongue  of  the 
Labrador  Sea  gyre  that  extended  well  into  the  North  Atlantic  Current 
gyre  parallel  to  the  track  during  Phase  It  (figure  3).  In  most  cases, 
variability  of  all  four  parameters  along  the  track  during  Phases  I and 
!l  was  greater  than  the  variability  at  station  B during  the  two 
phases.  Similarly,  the  variability  along  the  track  during  Phase  III 
was  greater  than  that  at  station  A during  this  phase.  This  indicates 
that  the  greatest,  overall  variability  in  sound  velocity  structure 
occurred  between  stations  A and  D during  all  three  phases  of  the 
exercise.  This  variability  was  caused  by  the  unstable  North  Atlantic 
Current  gyre. 
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(U)  Maximum  variability  in  sound  velocity  at  the  DSC  axis 
over  the  station  8 to  station  A track  (8.9  m/sec  during  Phase  III) 
is  of  the  same  magnitude  as  the  ’■emporal  and  spatial  variability  of 
this  parameter  at  station  D during  Phase  I (9.5  m/sec).  Station  D 
was  located  in  close  proximity  to  the  center  of  the  North  Atlantic 
Current  gyre  during  Phase  I (figure  2).  During  Phase  III,  this 
qyre  was  found  along  most  of  the  station  B to  station  A track 
(figure  4A).  About  half  the  total  variability  in  DSC  structure 
at  station  D during  Phase  I is  attributable  to  temporal  variations 
induced  by  internal  waves,  the  other  half  to  changes  in  the  position 
of  the  Subarctic  Convergence.  This  same  situation  also  applies  along 
the  station  B to  station  A track  during  Phase  III.  It  is  likely 
that  about  half  the  variability  in  DSC  structure  in  the  vicinity  of 
stations  A and  8 over  the  course  of  NORLANT-72  wa*  temporal  in  nature. 
The  other  half  probably  was  caused  by  meandering  of  the  Subarctic 
Convergence.  In  addition,  variability  in  DSC  structure  in  the 
vicinity  of  stations  A and  B over  the  course  of  the  exercise  probably 
was  most  extreme  in  regions  close  to  the  center  of  the  relatively 
unstable  North  Atlantic  Current  gyre. 

SOUND  VELOCITY  STRUCTURE  NORTHEAST  OF  PRIMARY  OPAREA 

A . General  Oceanography 

(C)  During  Phase  I of  the  NORLANT-72  Exercise,  SANDS  and 
various  aircraft  took  a line  of  XBTs  and  AXBTs  to  the  northeast  between  . 
station  B and  Denmark  Strait.  This  track  crossed  the  Subarctic  Con- 
vergenceat  ranges  of  about  10,  330,  470,  and  535  nm  from  station  B 
(figure  2).  Between  ranges  of  10  and  330  nm,  the  track  lay  within 
the  relatively  cold,  dilute  Labrador  Sea  gyre.  North  of  535  nm,  the 
track  lay  in  the  warmer,  more  saline  Irainger  Current.  Between  330 
and  535  nm,  the  track  paralleled  the  Subarctic  Convergence  in  a 
transitional  region  between  the  Labrador  Sea  gyre  and  the  Irmingar 
Current.  Two  T-S/sound  velocity  comparisons  illustrate  the  dis- 
similar oceanographic  conditions  at  opposite  ends  of  the  track 
(figure  7 at  station  B and  figure  16  in  the  Irminger  Sea).  The  data 
shown  in  figure  7 were  collected  during  Phase  III  of  the  exercise, 
and  represent  conditions  in  the  Labrador  Sea  gyre  (cold  side  of  Sub- 
arctic Convergence).  The  data  shown  in  figure  16  represent  historical 
conditions  in  the  Irainger  Current  at  approximately  that  point  where 
it  breaches  the  Subarctic  Convergence  and  turns  to  the  south. 

(U)  At  station  3 (figure  7),  ASaW  overlies  a layer  of  LCW 
between  160  and  BOG  ea  that  if.  turn  overlies  a layer  of  NACW.  The 
depth  of  the  DSC  axis  (160  n)  coincides  with  the  bottom  of  the  ASaW 
layer.  No  AIW  cores  are  observable  in  the  NACW  layer,  and  there  is 
no  noticeable  change  in  the  deep  positive  sound  velocity  gradient 
attributaole  to  NSOW.  In  th  irminger  Sea  (figure  16),  warm,  saline 
Irainger  Current  Water  (a  derivant  of  fiACV)  does  not  have  nearly  as 
marked  a themocline  or  halocHr?  as  observed  at  station  B,  resulting 
in  a nearly  isovelocity  layer  between  depths  of  100  ar.d  600  ».  The 
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depth  of  DSC  axis  (620  m)  coincides  with  the  bottom  of  the  Irminger 
Current  Water  layer.  Below  the  axis,  two  cores  of  AIW  are  found  at 
980  m and  1480  m.  These  cores  are  separated  by  a salinity  maximum 
that  probably  corresponds  to  the  core  of  well-mixed  Mediterranean 
Intermediate  Water  (MIW).  A core  of  well-mixed  MIW  has  been  shown 
under  the  Irminger  Current  as  oxygen  minimum  by  Worthington  and 
Wright  (1970).  However,  "either  the  AIW  core  nor  the  suspected  MIW 
core  cause  an  appreciable  change  in  the  positive  sound  velocity  gradient 
below  the  DSC  axis.  Below  about  2200  m,  NS0W  causes  a reversal  in  the 
near-bottom  positive  sound  velocity  gradient.  The  effects  of  NS0W  are 
particularly  evident  in  the  Irminger  Sea  since  this  region  lies  just 
south  of  Denmark  Strait,  through  ><hich  NS0W  enters  the  North  Atlantic 
Ocean.  During  summer,  near-surface  sound  velocities  in  the  Irminger 
Sea  can  be  up  to  10  m/sec  higher  than  those  in  the  Labrador  Sea  gyre 
because  of  warmer  sea  surface  temperatures.  Greater  near-surface 
sound  velocities  and1  the  near-bottom  effects  of  NS0W  combine  to  in- 
crease critical  depth  at  the  northern  end  of  the  station  B to  Denmark 
Strait  track. 

B . Sound  Velocity  Structure  Between  Station  B and  Denmark  Strait 

(U)  Figure  17  shows  a series  of  15  sound  velocity  profiles 
plotted  at  their  position  of  observation  normal  to  the  station  B to 
Denmark  Strait  track  during  Phase  I of  NORLANT-72  and  a contoured 
cross  section  of  these  same  data.  The  sound  velocity  profiles  ex- 
tend to  greater  than  3000  m depth,  and  the  contoured  cross  section  to 
1000  m depth.  The  observations  used  in  figure  17  are  identified  in 
table  IX.  The  bathymetric  profile  shown  in  this  figure  between  0 and 
330  nm  was  taken  by  SANDS  during  the  exercise.  The  remainder  of  the 
bathymetric  profile  is  from  NAV0CEAN0  NAR  chart  4. 

(C)  Surface  sound  velocities  varied  from  about  1473  m/sec  in 
the  center  of  the  labrador  Sea  gyre  to  more  than  1490  m/sec  at  the 
northern  end  of  the  track.  A variable  mixed  layer  was  found  at  ranges 
less  than  about  350  nm  from  station  B,  but  generally  was  absent  further 
to  the  north.  The  depth  of  the  DSC  axis  varied  from  70  m in  the 
labrador  Sea  gyre  (profile  4)  to  about  600  m 1:.  the  Irminger  Current 
(profile  14).  Sound  velocity  at  the  axis  varied  from  less  than  1465 
to  more  than  1480  m/sec  between  these  same  two  profiles.  The  DSC 
structures  shown  for  profiles  13,  14,  and  15  are  speculative  since 
these  profiles  are  based  on  shallow  AX8T  data.  Critical  depth  de- 
creased from  1150  ra  at  station  B (in  North  Atlantic  Current  gyre)  to 
520  m at  a range  of  about  310  nm  from  station  8,  and  then  increased 
to  about  1640  tn  at  the  northern  end  of  the  track.  Depth  excess  along 
the  entire  track  was  adequate  for  convergence  zone  propagation  from  a 
near-surface  source.  However,  further  north,  the  shallower  bathymetry 
of  the  Denmark  Strait  sill  should  impede  convergence  zone  propagation. 
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FIGURE  17.  SOUND  VELOCITY  STRUCTURE  BETWEEN  STATION 
DENMARK  STRAIT  DURING  PHASE  I (U) 
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PROFILE 

OBSERVATION 

DATE 

(1972) 

TIME 

(GMT) 

LAT 

(°N) 

LONG 

(°w) 

1 

SANOS  XBT  20 

20  Jul 

0037 

53°59' 

44049. 

2 

SANDS  X8T  21 

20  Jul 

0400 

54°  31 1 

44°24' 

3 

SANDS  XBT  22 

20  Oul 

0800 

55°11 1 

43°58' 

4 

SANDS  SVP  2 (U) 

20  Oul 

2200 

55°48' 

43°23‘ 

5 

SANDS  XBT  25 

21  Oul 

0400 

56°08* 

42°63' 

6 

SANDS  XBT  26 

21  Oul 

0806 

56°38‘ 

42°02' 

7 

VXN  8 AXBT  22 

21  Oul 

1701 

56°56‘ 

40°47' 

8 

SANDS  XBT  27 

21  Oul 

1600 

57°44‘ 

40°21 1 

9 

SANDS  XBT  28 

21  Oul 

2000 

58°16‘ 

39°25‘ 

10 

SANDS  SVP  3 (U) 

22  Oul 

0430 

58°42' 

38°25' 

11 

VXN -8  AXBT  24 

21  Jul 

1820 

59°41 1 

37°10' 

12 

VXN-8  AXBT  30 

24  Oul 

1147 

60°59' 

35°07* 

13 

VXN-8  AXBT  26 

21  Oul 

1946 

62°19' 

32°55‘ 

14 

VXN-8  AXBT  27 

21  Jul 

2029 

63°42' 

30°51 1 

15 

VP-24  AXBT  66 

28  Jul 

1742 

63°42' 

28°15' 

Note:  (U)  indicates  upcast 


TABLE  IX.  IDENTIFICATION  OF  OBSERVATIONS  USED  IN  STATION  B TO 
DENMARK  STRAIT  CROSS  SECTION  (PHASE  I)  (U) 
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(U)  The  overall  sound  velocity  structure  along  the  first  half 
of  station  B to  Denmark  Strait  track  was  not  nearly  as  complex  as  that 
found  in  the  primary  OPAREA.  A cell  with  sound  velocities  less  than 
1472  m/sec  dominated  the  southern  half  of  the  track,  and  corresponded 
to  the  relatively  stable  Labrador  Sea  gyre.  This  cell  was  centered  at 
a range  of  about  120  rnn  (profile  4).  The  large  variations  in  sound 
velocity  structure  below  the  DSC  axis  in  the  contoured  cross  section 
surrounding  profile  4 may  be  a result  of  data  type  (i.e.,  a SVP 
bracketed  by  two  XBTs).  The  effects  of  the  Subarctic  Convergence  can 
be  seen  in  the  upward  tendency  and  closure  of  various  isolines  at 
ranges  of  about  400  nm  from  station  B.  At  greater  ranges,  the  overall 
sound  velocity  of  the  water  column  increased  to  the  northeast.  However, 
exact  details  of  sound  velocity  structure  at  depths  greater  than  300  m 
are  not  available  owing  to  the  shallow  depth  of  the  AXBT  data.  NS0W 
effects  expected  at  ranges  greater  than  about  400  nm,  should  cause 
anomalous  sound  velocity  structures  at  depths  near  or  below  2200  m. 
Guthrie  (1964)  shows  near-bottom  sound  velocity  reversals  in  the 
Irminger  Sea  as  far  south  as  about  60°N  (range  of  about  430  nm  from 
station  B).  Along  the  northeastern  half  of  the  track,  a complex  sound 
velocity  structure  also  would  be  expected  near  the  depth  of  the  DSC 
axis  due  to  mixing  along  the  lower  boundary  of  the  Irminger  Current. 

SOUND  VELOCITY  STRUCTURE  EAST  OF  PRIMARY  OPAREA 

A.  General  Oceanography 

(C)  During  Phases  I and  II  of  the  exercise,  SANDS  and  HAYES 
took  lines  of  XBTs  to  the  east-northeast  and  east  of  the  primary 
OPAREA  between  station  B and  the  Reykjanes  Ridge.  The  Phase  I track 
started  in  the  North  Atlantic  Current  gyre  and  crossed  the  Subarctic 
Convergence  at  ranges  of  about  15  and  280  nm  from  station  B (figure  2). 
The  Phase  II  track  started  on  the  edge  of  the  relatively  cold,  dilute 
Labrador  Sea  gyre  and  crossed  the  Subarctic  Convergence  at  a range  of 
about  265  nm  from  station  B (figure  3).  The  eastern  halves  of  both 
the  Phase  I and  II  tracks  lay  in  the  warmer,  more  saline  North  Atlantic 
Current.  Two  T-S/sound  velocity  comparisons  illustrate  the  dissimilar 
oceanographic  conditions  at  opposite  ends  of  these  tracks;  figure  7 at 
station  B and  figure  18  just  east  of  the  Reykjanes  Ridge  crest. 

(U)  At  station  B (figure  7}  the  depth  of  the  DSC  axis  (160  m) 
coincides  with  the  bottom  of  the  ASaW  layer.  This  layer  overlies  a 
layer  of  LCW  that  in  turn  overlies  a layer  of  NACW  below  about  800  m. 

At  station  B,  AIW  is  not  discemable  and  NS0W  does  not  have  noticeable 
effects  on  the  deep  positive  sound  velocity  gradient.  Because  the 
data  shown  in  figure  7 were  collected  during  Phase  III  of  the  exercise, 
this  figure  represents  conditions  in  the  colder,  more  dilute  Labrador 
Sea  gyre.  East  of  the  Reykjanes  Ridge  (figure  18),  the  warmer,  more 
saline  North  Atlantic  Current  occupies  the  upper  800  m of  the  water 
column,  causing  considerably  higher  sound  velocities.  The  depth  of 
the  DSC  axis  (470  m)  corresponds  to  a salinity  minimum  in  the  NACW 
layer.  The  reason  for  this  salinity  minimum  is  not  clear,  but  it  may 
be  a result  of  mixing  over  the  eastern  flank  of  the  Reykjanes  Ridge. 
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A second  salinity  minimum  at  800  m mark’s  the  bottom  of  the  NACW  layer 
and  results  in  a secondary  sound  velocity  minimum  below  the  DSC  axis. 

The  salinity  maximum  at  1000  m corresponds  to  the  well  mixed  core  of 
MIW  that  lies  above  the  AIW  salinity  minimum  (about  1500  m).  Neither 
the  MIW  salinity  maximum  or  the  AIW  salinity  minimum  have  noticeable 
effects  on  the  positive  sound  velocity  gradient  below  the  DSC  axis. 
Between  about  1600  and  3000  m,  the  sound  velocities  shown  in  figure  18 
are  up  to  1.5  m/sec  lower  than  those  shown  in  figure  7.  This  is  due  to 
NS0W  that  enters  the  northeast  Atlantic  Ocean  over  the  Faeroe-Iceland 
Ridge.  This  water  mass  flows  south  along  the  eastern  flank  of  the 
Reyk janes  Ridge  before  entering  the  Labrador  Basin  through  the  Gibbs 
Fracture  Zone  (Worthington  and  Volkmann,  1965;  Garner*  1972).  During 
summer,  near-surface  sound  velocities  can  be  more  than  15  m/sec  higher 
in  the  North  Atlantic  Current  than  in  the  Labrador  Sea  gyre.  This 
results  in  much  greater  critical  depths  at  the  eastern  end  of  the 
station  B to  Reyk janes  Ridge  track. 

B.  Sound  Velocity  Structure  Between  Station  B and  Re.ykjanes  Ridge 

(U)  Figure  19  shows  a series  of  10  sound  velocity  profiles 
plotted  at  their  position  of  observation  normal  to  the  station  B to 
Reykjanes  Ridge  track  during  Phase  I of  the  exercise  and  a contoured 
cross  section  of  these  same  data.  The  sound  velocity  profiles  extend  to 
a maximum  depth  of  1500  m and  the  contoured  cross  section  to  1000  m.  The 
bathymetric  profile  shown  in  figure  19  is  from  NAV0CEAN0  NAR  chart  4,  as 
is  the  bathymetric  profile  shown  in  figure  20  (Phase  II).  The  observa- 
tions used  in  figure  19  are  identified  in  table  X. 

(C)  During  Phase  I,  surface  sound  velocities  varied  from  less 
than  1477  m/sec  in  the  Labrador  Sea  gyre  to  more  than  1488  m/sec  at 
the  eastern  end  of  the  track.  A mixed  layer  was  absent  on  most  of 
the  profiles.  The  depth  of  the  DSC  axis  varied  from  90  m in  the 
Labrador  Sea  gyre  (profile  3)  to  about  650  m at  the  eastern  end  of 
the  track  (profile  10).  The  sound  velocity  at  the  DSC  axis  varied 
from  about  1460  and  1482  m/sec  between  these  same  two  profiles. 

However,  the  DSC  structure  shown  on  profile  10  is  speculative  since 
this  profile  is  based  on  shallow  AXBT  data.  The  effects  of  the  Sub- 
arctic Convergence  are  seen  in  rapid  shoaling  of  sound  velocity  iso- 
lines below  the  DSC  axis  at  ranges  between  200  and  300  nm  from  station  B. 
At  a range  of  about  390  nm,  these  isolines  deepen  again,  forming  a domed 
structure  centered  on  profile  9.  This  domed  structure  is  apparently 
the  result  of  an  instrusion  of  warmer,  more  saline  water  at  depths  of 
300  to  500  m.  Critical  depth  decreased  from  about  1100  m at  station  B 
to  660  m at  a range  of  ^bout  70  nm  from  station  B (center  of  Labrador 
Sea  gyre)  and  then  increased  to  1400  m at  the  eastern  end  of  the  track. 
Except  for  the  region  directly  over  the  crest  of  the  Reykjanes  Ridge, 
depth  excess  was  adequate  for  convergence  zone  propagation  from  a near- 
surface source  along  the  Phase  I track. 
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FIGURE  19.  SOUND  VELOCITY  STRUCTURE  BETWEEN  STATION  B AND 
REY JANES  RIDGE  DURING  PHASE  I (U) 
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PROFILE 

OBSERVATION 

DATE 

(1972) 

TIME 

(GMT) 

LAT 

(°N) 

LONG 

(°W) 

* 

i 

SANDS 

XBT  20 

20  Oul 

0037 

53°59‘ 

44049. 

2 

SANDS 

XBT  21 

20  Jul 

0400 

54°31 ' 

44°24‘ 

3 

SANDS 

XBT  44 

25  Jul 

1300 

54°1 9 1 

43°03' 

4 

SANDS 

XBT  43 

25  Oul 

0400 

54°44< 

40°36‘ 

5 

SANDS 

XBT  42 

25  Jul 

0000 

54°58‘ 

39°33‘ 

6 

SANDS 

XBT  41 

24  Jul 

2009 

55°09' 

38°19‘ 

7 

SANDS 

XBT  39 

24  Jul 

1600 

55°20' 

37°12* 

8 

SANDS 

XBT  38 

24  Jul 

1200 

55°31‘ 

35°53‘ 

9 

SANDS 

SVP  4 (D) 

24  Jul 

0200 

55°60’ 

34°  01 ' 

10 

VP-24 

AXBT  62 

28  Jul 

1502 

55°41 ' 

31°49‘ 

Note:  (D)  indicates  downcast 


TABLE  X.  IDENTIFICATION  OF  OBSERVATIONS  USED  IN  STATION  B TO 
REYKJANES  RIDGE  CROSS  SECTION  (PHASE  I)  (U) 
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(C)  Figure  20  shows  a series  of  8 sound  velocity  profiles 
plotted  at  their  position  of  observation  normal  to  the  station  B to 
Reykjanes  Ridge  track  during  Phase  II  of  the  exercise  and  a contoured 
cross  section  of  these  data.  The  observations  used  in  figure  20  are 
identified  in  table  XI.  During  Phase  II,  surface  sound  velocities  varied 
from  about  1480  m/sec  at  station  B to  about  1493  m/sec  east  of  the 
Reykjanes  Ridge.  A mixed  layer  at  depths  between  20  and  40  m was  found 
on  most  of  the  profiles.  The  depth  of  the  DSC  axis  probably  increased 
rapidly  to  about  600  m a tew  nautical  miles  east  of  profile  8.  The 
sound  velocity  at  the  axis  varied  from  about  1468  m/sec  to  about 
1481  m/sec  between  station  B and  the  eastern  end  of  the  track.  The 
tongue  with  sound  velocities  less  than  1472  m/sec  found  during  Phase  II 
is  much  less  pronounced  that  the  cell  with  similar  sound  velocities 
found  during  Phase  I (figure  19).  This  is  a direct  result  of  the  lesser 
eastward  extent  of  the  Labrador  Sea  gyre  during  Phase  II  (greater 
development  of  North  Atlantic  Current  gyre).  The  effects  of  the  Sub- 
arctic Convergence  are  not  as  obvious  in  figure  20  as  they  are  in 
figure  19,  probably  due  to  the  diminished  extent  of  the  Labrador  Sea 
gyre  during  Phase  II.  Critical  depth  during  Phase  II  varied  from 
1170  m at  a range  of  about  150  nm  from  station  B to  1840  m east  of 
the  Reykjanes  Ridge.  During  Phase  II,  critical  depths  were  300  to 
400  m deeper  than  those  in  Phase  I due  to  increased  surface  insolation. 
However,  except  for  the  region  directly  over  the  Reykjanes  Ridge  crest, 
depth  excess  along  the  Phase  II  track  was  adequate  for  convergence  zone 
propagation  from  a near-surface  source. 

(U)  During  Phase  II  of  the  exercise,  sound  velocity  profiles 
at  ranges  between  200  and  300  nm  from  station  B displayed  a bi channel 
structure  consisting  of  a sound  velocity  minimum  (upper  sound  channel) 
and  an  intermediate  sound  velocity  maximum  above  the  DSC  axis  (profiles  5 
and  6 of  figure  20).  Similar  structures  were  found  20%  to  80£  of  the 
time  in  the  historical  data  of  this  region  during  summer  by  Fenner  and 
Bucca  (1971).  The  upper  sound  channel  axis  corresponded  to  the  maximum 
depth  of  sunnier  wanning,  while  the  intermediate  sound  velocity  maximum 
coincided  with  a temperature  inversion  along  the  Subarctic  Convergence 
(probably  a NACW  intrusion).  During  Phase  I,  similar  sound  velocity 
perturbations  were  found  at  ranges  between  200  and  300  nm  from  station  B, 
but  at  depths  below  the  DSC  axis  (see  profiles  6 and  7,  figure  19). 

These  perturbations  apparently  were  caused  by  intrusions  of  NACW 
across  the  Subarctic  Convergence  into  the  ASaW/LCW  layer  (Fenner  and 
Bucca,  1971). 

(U)  During  Phase  II,  the  DSC  axis  was  deeper  than  during 
Phase  I at  ranges  greater  than  about  260  nm  from  station  B.  At  a 
range  of  about  460  nm  from  station  B,  the  axis  was  nearly  400  m deeper 
during  Phase  II  than  it  was  in  Phase  I.  However,  in  the  same  region, 
sound  velocities  at  the  axis  were  similar  during  both  phases  (i.e.,  1476 
to  1482  m/sec).  This  anomalous  situation  is  not  a function  of  data  type, 
data  spacing,  or  the  relative  position  of  the  Subarctic  Convergence. 
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DATE 

TIME 

LAT 

LONG 

PROFILE 

OBSERVATION 

(1972) 

(GMT) 

(°N) 

(°w) 

I 

SANDS 

SVP 

5 (U) 

31  Oul 

0420 

53°59‘ 

44°51 * 

2 

HAYES 

XBT 

49A 

3 Aug 

0000 

54°01 ' 

43°18' 

3 

HAYES 

XBT 

50 

3 Aug 

0400 

54°06' 

41°41  1 

4 

HAYES 

XBT 

51 

3 Aug 

0800 

54°08 ' 

40°25 ' 

5 

HAYES 

XBT 

52 

3 Aug 

1200 

54°13' 

38°33 ' 

6 

HAYES 

XBT 

53 

3 Aug 

1600 

54°16* 

36°54‘ 

7 

HAYES 

X8T 

54 

4 Aug 

0400 

54°29* 

32°06 1 

8 

HAYES 

XBT 

55 

4 Aug 

0800 

54°36' 

30°25' 

Note:  (U)  indicates  upcast 


TABLE  XI.  IDENTIFICATION  OF  OBSERVATIONS  USED  IN  STATION  B TO 
REYKJANES  RIDGE  CROSS  SECTION  (PHASE  II)  (U) 
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The  DSC  axis  east  of  the  Reyk janes  Ridge  corresponded  to  a salinity 
minimum  near  the  bottom  of  the  NACW  layer.  However,  a perturbation 
below  the  DSC  axis  coincided  with  the  bottom  of  the  NACW  layer  (top  of 
MIW  layer,  figure  18).  Mixing  between  NACW  and  transient  cells  of  MIW 
probably  occurred  at  the  eastern  end  of  the  Phase  II  track.  Such 
mixing  has  been  observed  farther  to  the  south  over  the  Mid-Atlantic 
Ridge  crest  by  Katz  (1970).  Mixing  between  NACW  and  MIW  can  cause 
sound  velocity  perturbations  below  the  DSC  axis  similar  to  those  found 
on  profiles  7 and  8 of  figure  20  (Fenner  and  Bucca,  1971).  Sound 
velocities  associated  with  these  perturbations  were  barely  greater  than 
those  at  the  DSC  axis.  This  indicates  that  the  depth  of  the  DSC  axis 
is  more  sensitive  to  temporal  and  spatial  fluctuations  in  the  environ- 
ment than  is  sound  velocity  at  the  axis.  This  sensitivity  to  mixing 
is  one  possible  explanation  for  the  anomalously  shallow  depths  of  the 
DSC  axis  at  the  eastern  end  of  the  station  B to  Reyk janes  Ridge  track 
during  Phase  II  of  the  exercise. 

(U)  The  following  sound  velocity  profile  statistics  (defined 
in  a previous  section)  summarize  the  track  as  a whole  for  Phases  I and 
II  of  the  exercise: 


MINIMUM 

MEAN 

MAXIMUM 

RANGE 

NO.  OF 
OBS. 

MLV 

(in/  sec) 
I 

1476.5 

1482.3 

1488.3 

11.8 

10 

II 

1485.9 

1489.6 

1495.2 

9.3 

8 

DSCD 

(m) 

I 

90 

150 

290 

200 

9* 

II 

120 

180 

250 

130 

S 

DSCV 

(m/sec) 

I 

1460.4 

1470.1 

1477.0 

16.6 

9* 

II 

1463.2 

1473.0 

1480.9 

12.7 

8 

CD 

(tn) 

I 

660 

940 

1400 

740 

10 

II 

1170 

1380 

1840 

670 

8 

(*does  not  include  profile  10) 

Statistics  on  the  depth  and  sound  velocity  at  the  DSC  axis  shown  above 
do  not  reflect  speculative  values  of  both  parawters  at  the  eastern  ends 
of  the  Phase  I and  Phase  II  tracks.  The  mean  values  of  all  four  para- 
meters were  greater  during  Phase  II  than  Phase  I owing  to  increased 
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surface  insolation  and  lesser  development  of  Labrador  Current  gyre 
during  Phase  II.  The  greater  mean  depth  and  sound  velocity  of  the 
DSC  axis  during  Phase  II  indicates  a seasonal  effect  on  DSC  structure 
between  station  B and  the  Reykjanes  Ridge.  Variations  of  all  four 
parameters  were  greater  during  Phase  I than  Phase  II,  mainly  because 
of  less  uniform  surface  Insolation  in  the  region  east  of  station  B. 
Owing  to  the  disparity  of  oceanographic  conditions  at  opposite  ends 
of  the  Phase  I and  Phase  II  tracks,  variations  in  all  four  parameters 
over  the  track  were  greater  than  similar  variations  at  station  B for 
each  phase. 

SOUND  VELOCITY  STRUCTURE  NORTHWEST  OF  PRIMARY  OPAREA 


A.  General  Oceanography 

(C)  Curing  Phase  III  of  NORLANT-72,  QUEST  took  a continuous 
line  of  64  T-7  XBTs  northwest  of  the  primary  OPAREA  into  Baffin  Bay 
and  SANDS  took  a line  of  XBTs  and  one  CTD/SV  station  northwest  of 
station  B in  the  central  Labrador  Sea.  Combined,  these  data  describe 
a track  that  extends  nearly  1500  nm  from  station  B to  the  Carey  Islands 
in  northern  Baffin  3ay  (figures  4A  and  4B).  The  following  T-S/sound 
velocity  comparisons  have  been  chosen  to  illustrate  the  variable 
oceanography  along  this  track: 

• Figure  7,  located  at  station  B, 


• Figure  21,  located  at  the  edge  of  the  Labrador  Current 
in  the  central  Labrador  Sea, 

• Figure  22,  located  In  West  Greenland  Current  in  the 
northern  Labrador  Sea, 

• Figure  23,  located  immediately  south  of  the  Davis 

Strait  sill , 


• Figure  24, 
t Figure  25, 


located  in  central  Baffin  Bay;  and 

located  inoediately  south  of  the  Carey  Islar^j. 


Data  shown  in  figures  7 and  21  were  collected  during  Phase  III  of  the 
exercise.  Data  shown  in  figures  23,  ?4,  and  25  were  collected  by  USCG 
E0IST0  during  August  1966  (Palfrey,  I963J.  Each  of  the  T-S/sound 
velocity  comparisons  represents  conditions  in  distinct  oceanographic 
regiaes  along  the  1 500-re*  track  froa  station  B to  the  Carey  Islands. 

{ U)  At  station  B (figure  7),  ASaW  overlies  a layer  of  LOW 
(160  to  800  n)  that  in  turn  overlies  NACW.  The  DSC  axis  (160  b) 
coincides  with  the  bottoa  of  the  ASaW  layer.  A sound  velocity 
perturbation  below  the  DSC  axis  at  240  « roughly  corresponds  with  the 
LCW  core.  Figure  7 represents  oceanographic  conditions  just  north  of 
the  Subarctic  Convergence  during  Phase  III. 
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(U)  In  the  central  Labrador  Sea  (figure  21),  the  upper  1400  m 
of  tl»e  water  column  are  comprised  of  LCW.  The  DSC  axis  (60  m)  coincides 
with  the  temperature  minimum  in  the  LCW  core.  A change  in  the  positive 
sound  velocity  gradient  is  discernable  at  about  1600  m,  immediately 
below  the  bottom  of  the  LCW  layer.  This  gradient  change  may  be  caused 
by  North  Atlantic  Deep  and  Bottom  Water  that  is  in  the  process  of 
sinking.  Data  shown  in  figure  21  were  collected  northwest  of  OWS 
BRAVO  (56°30,N,  51°00‘W).  According  to  Husby  (1967),  North  Atlantic 
Deep  and  Bottom  Water  is  formed  north  of  OWS  BRAVO.  At  a depth  of 
3000  m,  sound  velocities  shown  in  figure  21  are  approximately  1.0  m/sec 
less  than  those  at  station  B (figure  7)  due  to  a preferential  flow 
of  NS0W  under  the  Labrador  Current  (Worthington,  1970).  Figure  21 
represents  oceanographic  conditions  in  the  Labrador  Sea  gyre  between 
about  56°N  and  61°N. 

(U)  In  the  West  Greenland  Current  (figure  22),  the  upper 
1000  m of  the  water  column  consist  of  a derivative  of  NACW  called  West 
Greenland  Current  Water  (WGCW).  This  water  mass  is  formed  by  mixing  of 
Irminger  Current  Water  (another  NACW  derivative)  with  cold,  dilute 
waters  carried  by  the  East  Greenland  Current  (figure  4A).  The  warming 
effects  of  the  West  Greenland  Current  extend  around  the  southern  tip  of 
Greenland  into  the  northern  Labrador  Sea,  but  are  not  manifest  in  the 
near-surface  layer  north  of  about  64°N  to  65°N.  In  the  West  Greenland 
Current,  the  DSC  axis  (100  m)  corresponds  to  the  maximum  depth  of 
summer  warming.  The  core  of  WGCW  is  marked  by  a temperature  and 
salinity  maximum  at  about  200  m that  causes  a sound  velocity  maximum 
below  the  DSC  axis.  The  AIW  low-salinity  core  at  about  1260  m has 
no  apparent  effect  on  the  deep  positive  sound  velocity  gradient. 

However,  at  about  2500  m,  sound  velocities  ate  approximately  2.0  m/sec 
less  than  those  at  station  B owing  to  a preferential  flow  of  NSOW 
under  the  West  Greenland  Current  (Worthington,  1970).  This  preferential 
fow  is  continuous  with  that  found  farther  to  the  south  under  the 
Labrador  Current.  Figure  22  represents  oceanographic  conditions  off 
the  west  coast  of  Greenland  between  about  61 °N  and  63°N. 

(U)  Oceanographic  conditions  just  south  of  Davis  Strait 
(figure  23)  are  even  more  complex  than  these  in  the  primary  0PAREA, 
because  of  intensive  mixing  between  various  water  masses  at  all  depths 
and  to  tidal  currents  over  the  shallow  Davis  Strait  continental  slope. 

The  predominant  surface  current  in  this  strait  is  the  southerly  Baffin 
Land  Current.  The  northerly  flowing  West  Greenland  Current  is  apparent 
at  the  surface  only  on  the  far  eastern  side  of  Davis  Strait  in  the 
shallow  water  over  the  Greenland  continental  shelf  (NAV0CEAN0,  195d). 

In  this  region,  the  DSC  axis  (50  m)  coincides  with  the  temperature 
minimum  in  the  Baffin  Land  Current  Water  (3LCW)  core.  The  sound 
velocity  at  the  axis  shown  in  figure  23  is  nearly  35  m/sec  less  than 
in  the  West  Greenland  Current  (figure  22)  and  about  20  m/sec  less  than 
in  the  Labrador  Sea  gyre  (figure  21).  This  is  due  to  the  extremely 
low  temperature  and  salinity  of  the  BLCW  core  (about  -1.6°C  and  34.45°/'oo, 
figure  23).  rn  the  deeper  portions  of  Davis  Strait,  WGCW  is  present 
as  a relatively  warm,  saline  core  at  depths  between  300  and  400  r.  This 
core  is  about  2.0°C  colder  and  nearly  0.5°/Oo  less  saline  than  that 
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T-S  DIAGRAM  IN  CENTRAL  LABRADOR  SEA  (EDGE  OF 
LABRADOR  CURRENT)  DURING  PHASE  III  (U) 


FIGURE  22.  HISTORICAL  SUMMER  TEMPERATURE-SALINITY-SOUND 

VELOCITY  PROFILES  AND  T-S  DIAGRAM  IN  WEST  GREENLAND 
CURRENT  (NORTHERN  LABRADOR  SEA)  (U) 
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shown  in  figure  22  due  to  the  substantial  winnowing  out  of  WGCW  between 
63°N  and  Davis  Strait  sill  (a  distance  of  approximately  250  nm), 

Palfrey  (1968)  shows  an  inflow  of  WGCW  water  on  the  eastern  side  of 
the  strait  and  a substantial  outflow  of  WGCW  on  the  western  side  of 
the  strait  during  the  summer  of  1966.  Data  shown  in  figure  23  are 
located  in  the  WGCW  outflow  postulated  by  Palfrey.  However,  sections 
across  Davis  Strait  shown  by  Bourkland  (1968)  for  summer  1968  do  not 
substantiate  this  outflow.  In  any  case,  the  WGCW  core  in  the  environs 
of  Davis  Strait  results  in  either  a sound  velocity  maximum  (as  shown 
in  figure  23  at  360  m)  or  in  a marked  change  in  the  positive  sound 
velocity  gradient  below  the  DSC  axis.  Below  the  WGCW  core,  the  Davis 
Strait  region  is  occupied  by  Baffin  Bay  Deep  Water  (BBDW) . This  water 
mass  fills  most  of  Baffin  Bay  below  about  700  m,  and  is  formed  by 
sinking  Arctic  Water  that  enters  northern  Baffin  Bay  through  Smith 
Sound  (Bailey,  1956).  BBDW  is  even  colder  and  less  saline  than  NSOW, 
having  a temperature  less  than  0.8°C  and  a nearly  uniform  salinity  of 
34.45°/oo  (Palfrey,  1968).  Some  BBDW  boluses  pulse  over  Davis  Strait 
into  the  northern  Labrador  Sea  to  join  the  southerly  flow  of  NSOW 
under  the  Labrador  Current.  BBDW  can  cause  a sound  velocity  minimum 
or  an  isovelocity  layer  in  the  Davis  Strait  region  and  in  southern 
Baffin  Bay  below  the  WGCW  core.  At  a depth  of  about  800  m,  the  sound 
velocity  shown  in  figure  23  is  about  16  m/sec  less  than  in  the  West 
Greenland  Current  (figure  22)  and  about  13  m/sec  less  than  in  the 
Labrador  Sea  gyre  (figure  21)  owing  to  the  effects  of  BBDW. 

(U)  Figure  23  is  specific  only  for  oceanographic  conditions 
in  the  immediate  environs  of  Davis  Strait  (approximately  65°N  to  67°N). 
An  intense  transitional  zone  occurs  in  the  northern  Labrador  Sea  be- 
tween about  63°N  and  Davis  Strait.  In  this  transition  zone,  BLCW 
mixes  with  NGCW,  obliterates  most  of  the  surface  effects  of  the  West 
Greenland  Current,  and  causes  WGCW  to  sink.  This  mixing  can  lead  to 
complex  and  spurious  sound  velocity  structures  above  and  below  the 
DSC  axio.  Furthermore,  sinking  WGCW  and  NACW  below  500  to  600  m 
rapidly  mix  out  boluses  of  BBDW  that  penetrate  over  Davis  Strait  sill. 
Mixing  of  BBDW  with  WGCW  and  NACW  can  cause  abrupt  changes  in  the  near- 
bottom sound  velocity  structure. 

(U)  In  central  Baffin  Bay  (figure  24),  oceanographic  conditions 
are  much  less  complex  than  those  in  the  environs  of  Davis  Strait.  The 
upper  10  to  20  m of  the  water  column  in  central  Baffin  Bay  during  sumner 
frequently  has  a well -developed  thermal  mixed  layer  with  temperature 
differences  as  great  as  2°C.  This  thermal  layer  is  superimposed  on  an 
extremely  strong  halocline  (0.4',/oo  or  more  per  meter).  These  two 
factors  combine  to  form  a strong  positive  sound  velocity  gradient  in 
the  near-surface  layer  (about  1.3  m/sec/m  in  the  case  of  figure  24). 
Surface  effects  of  the  West  Greenland  Current  are  confined  to  a narrow, 
poorly  defined  band  off  the  west  coast  of  Greenland.  In  central  Baffin 
Bay,  the  Baffin  Land  Current  is  most  pronounced  off  the  east  coast  of 
Baffin  Island,  since  its  primary  source  is  Lancaster  Sound.  This 
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results  in  a gyre  in  the  center  of  Baffin  Bay  that  circulates  extremely 
cold,  dilute  BLCW.  The  DSC  axis  (50  m)  coincides  with  the  BLCW  core. 
Sound  velocity  at  the  axis  approximates  that  found  in  the  Davis  Strait 
region,  but  can  be  somewhat  greater  because  of  increased  summer  in- 
solation in  the  Baffin  Bay  gyre.  A strong  thermocline  and  halocline 
occur  between  the  bottom  of  the  BLCW  layer  and  the  warmer,  more  saline 
WGCW  core.  This  core  is  still  present  in  central  Baffin  Bay,  but  in 
a much  diminished  form  with  temperatures  nearly  2.0°C  colder  and 
salinities  nearly  0.2°/oo  less  than  those  in  Davis  Strait  (figure  23). 

In  most  of  central  Baffin  Bay,  WGCW  causes  an  abrupt  change  in  the 
slope  of  the  positive  velocity  gradient  below  about  400  m.  BBDW 
occupies  the  entire  Baffin  Basin  below  a depth  of  about  700  m.  The 
extremely  low  temperature  and  salinity  of  this  water  mass  and  the 
well-developed  surface  mixed  layer  combine  to  cause  anomalously  deep 
critical  depths  over  much  of  tne  Baffin  Basin.  Figure  24  represents 
general  oceanographic  conditions  between  about  71°N  and  74°N.  Between 
Davis  Strait  and  71 °N,  the  upper  200  m of  the  water  column  is  similar 
to  that  shown  in  figure  24,  but  WGCW  is  present  in  greater  unmixed 
concentration  between  about  300  and  800  m.  In  this  region,  WGCW  can 
cause  a sound  velocity  maximum  below  the  DSC  axis  and  shallower  critical 
depths  than  those  in  central  Baffin  Bay. 

(U)  In  the  region  south  of  the  Carey  Islands  (figure  25), 
the  general  oceanography  is  similar  to  that  found  in  central  Baffin 
Bay  with  two  notable  exceptions:  the  Baffin  Land  Current  and  BBDW 

are  no  longer  present.  In  this  region,  the  Baffin  Land  Current  is 
replaced  by  the  higher  salinity  Arctic  Water  Current  (figure  4B) 
emanating  from  Smith  Sound  and  BBDW  is  in  the  process  of  formation. 

The  DSC  axis  (70  m)  coincides  with  the  Arctic  Water  core  and  occurs 
at  slightly  greater  depths  than  in  Central  Baffin  8ay.  Only  a 
slight  remnant  of  well-mixed  WGCW  is  found  just  above  the  bottom  south 
of  the  Carey  Islands.  The  sound  velocity  profile  in  figure  25  shows 
a perturbation  below  the  DSC  axis  that  roughly  corresponds  with  a 
temperature  maximum  and  minimum  in  the  same  depth  range.  This  sound 
velocity  perturbation  may  be  caused  by  mixing  of  WGCW  and  sinking 
Arctic  Water.  At  most  depths  below  the  DSC  axis,  sound  velocities 
shown  in  figure  25  are  lower  than  those  found  in  central  Baffin  Bay 
(figure  24),  largely  due  to  cold  Arctic  Water  throughout  the  water 
column.  Generally  speaking,  figure  24  represents  oceanographic 
conditions  throughout  northern  Baffin  Bay  and  southern  Smith  Sound. 

(U)  In  suntnary,  the  overall  sound  velocity  structure  along 
the  station  B to  Carey  Islands  track  is  least  complicated  in  the 
Labrador  Sea  gyre,  most  complicated  in  the  region  between  about  63°N 
and  71 °N , and  of  intermediate  complexity  in  central  and  northern  Baffin 
Bay  and  in  the  immediate  vicinity  of  station  B.  The  greatest  overall 
complexity  in  sound  velocity  structure  occurs  immediately  south  of  the 
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Davis  Strait  sill  (figure  23),  where  conditions  are  even  more  confused 
than  those  in  the  primary  OPAREA.  Extreme  differences  in  sound  velocities 
occur  at  all  depths  across  Davis  Strait,  particularly  at  the  DSC  axis. 
Generally  speaking,  sound  velocity  at  the  DSC  axis  is  greater  than 
1472  m/sec  just  north  of  the  Subarctic  Convergence  and  in  the  region 
between  about  61°N  and  63°N  (West  Greenland  Current).  The  sound  velocity 
at  the  DSC  axis  lies  between  1460  and  1468  m/sec  in  the  Labrador  Sea  gyre 
and  between  1450  and  1472  m/sec  in  the  intense  transition  zone  south  of 
Davis  Strait  (northern  Labrador  Sea).  North  of  Davis  Strait,  sound 
velocity  at  the  DSC  axis  is  always  less  than  1450  m/sec  and  can  be  less 
than  1442  m/sec  in  regions  of  strong  Baffin  Land  Current  or  Arctic  Water 
Current  influence. 

B.  Variability  of  Sound  Velocity  at  Station  E 

(C)  During  Phase  III  of  NORLANT-72,  QUEST  took  a series  of  8 
T-7  XBTs  during  a 48-hour  period  on  24-26  August  in  the  central  Labrador 
Sea  within  about  20  nm  of  station  E.  Figure  26  shows  a time  series  plot 
and  a contoured  presentation  of  these  data.  The  time  series  plot  and 
the  contoured  section  extend  to  a maximum  depth  of  about  1000  m.  Data 
used  in  figure  26  are  identified  in.  table  XII.  Locations  of  these  data 
relative  to  station  E are  shown  in  an  insert  to  figure  26.  Since  QUEST 
was  moving  northeastward  during  most  of  the  occupation,  the  sound 
velocity  variability  shown  in  figure  26  is  a result  of  both  temporal 
and  spatial  variability  in  the  environment. 

(C)  During  the  station  E occupation,  the  maximum  depth  of  the 
DSC  axis  (80  m)  occurred  on  profile  8,  as  did  the  maximum  sound  velocity 
at  the  DSC  axis  (about  1467  m/sec).  The  minimum  depth  and  sound  velocity 
at  the  DSC  axis  (40  m and  about  1461  m/sec)  occurred  on  profile  5.  At 
station  E,  the  DSC  axis  coincided  with  the  temperature  minimum  in  tKe 
LCW  core.  During  the  occupation,  critical  depth  varied  between  510  and 
780  m and  was  sufficiently  shallow  to  allow  unrestricted  convergence  zone 
propagation  from  a near-surface  source.  The  following  sound  velocity 
profile  statistics  summarize  conditions  over  the  48-hour  occupation: 

NO.  OF 


MINIMUM 

MEAN 

MAXIMUM 

RANGE 

0BS 

HLV 

(m/sec) 

1475.5 

1476.6 

1477.2 

1.7 

8 

0SCD 

(m) 

40 

60 

80 

40 

8 

DSCV 
(m/sec ) 

1460.9 

1462.9 

1467.1 

6.2 

8 

CD 

N 

510 

660 

780 

270 

8 
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RANGE  FROM 


PROFILE 

XBT  NUMBER 

DATE 

(1972) 

TIME 

(GMT) 

LAT 

(°N) 

LONG 

(°w) 

STATION  E 
(nm) 

1 

QUEST  7 

24  Aug 

0000 

59°03' 

51°06' 

4 

2 

QUEST  9 

24  Aug 

1300 

59°05 1 

51  °1 6 ' 

10 

3 

QUEST  10 

24  Aug 

1800 

59°08' 

51  °1 2 ' 

10 

4 

QUEST  11 

25  Aug 

0000 

59°08‘ 

51°10‘ 

9 

5 

QUEST  12 

25  Aug 

0600 

59°1 1 ' 

50° 54* 

12 

6 

QUEST  13 

25  Aug 

1200 

59°10’ 

50° 54' 

11 

7 

QUEST  14 

25  Aug 

1800 

59° 1 5 * 

50°45' 

17 

8 

QUEST  15 

26  Aug 

0000 

59°16' 

50°42‘ 

19 

Note:  Nominal  position  of  station  E is  59°00'N,  SI’OQ'W 

TABLE  XII.  IDENTIFICATION  OF  OBSERVATIONS  USED  IN  PHASE  III 
TIME  SERIES  STUDY  AT  STATION  E (U) 
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(U)  Variations  in  the  maximum  sound  velocity  in  the  mixed 
layer  and  in  the  depth  of  the  DSC  axis  were  much  less  than  those  at 
station  B during  Phases  I and  II  of  the' exercise  (figure  11).  This 
is  due  to  the  greater  stability  of  the  nea^-surface  layer  in  the 
Labrador  Sea  gyre  and  the  relatively  constant  degree  of  surface  in- 
solation found  during  late  summer.  However,  variations  in  critical 
depth  were  of  the  same  magnitude  as  those  at  station  B during  Phases  I 
and  II.  This  indicates  variability  in  the  sound  velocity  structure 
below  about  500  m,  and  further  indicates  that  critical  depths  at 
station  E were  more  dependent  on  the  positive  velocity  gradient 
below  the  DSC  axis  than  on  near-surface  temperatures.  Variation 
in  the  sound  velocity  at  the  DSC  axis  was  greater  at  station  E 
during  Phase  III  than  that  at  station  B during  either  Phase  I or  II. 

This  could  be  caused  by  intrusions  of  WGCW  near  the  depth  of  the  DSC 
axis  or  by  internal  motion.  There  is  some  evidence  for  internal  waves 
with  an  approximately  18-hour  period  at  station  E in  the  form  of  the 
various  sound  velocity  isolines  below  the  DSC  axis.  However,  intrusions 
of  WGCW  are  a more  likely  explanation  for  the  observed  variations  in 
sound  velocity  at  the  DSC  axis.  During  the  first  24  hours  of  the 
occupation,  sound  velocities  in  the  upper  20C  m of  the  water  column 
were  generally  less  than  those  during  the  second  half  of  the  occupation. 
The  four  Drofiles  for  the  second  half  of  the  occupation  (profiles  5 
through  8)  all  lay  to  the  northeast  of  station  E,  towards  the  main 
flow  of  the  West  Greenland  Current  (figure  4A).  If  an  intrusion  of 
WGCW  occurred  during  the  48-hour  occupation  of  station  E,  these  pro- 
files would  show  the  most  pronounced  effects  of  this  intrusion.  Sound 
velocity  perturbations  below  the  DSC  axis  on  most  of  the  profiles 
further  indicate  an  intrusion  of  WGCW.  The  suspected  WGCW  intrusion 
may  represent  the  initial  turning  of  the  West  Greenland  Current  to 
the  south  and  west  to  form  the  Labrador  Sea  gyre. 

C.  Variability  of  Sound  Velocity  at  Station  Q-3 

(C)  QUEST  also  took  a series  of  9 T-7  XBTs  during  a 48-hour 
period  on  28-30  August  within  20  nm  of  a station  in  the  northern 
Labrador  Sea.  This  is  station  Q-3  according  to  the  operation  dan  for 
Phase  1 1 r of  NORLANT-72  (Naval  Underwater  Systems  Center,  1972). 

Figure  27  shows  a time  series  plot  and  contoured  presentation  of  these 
data,  both  of  which  extend  to  the  bottom  (850  m according  to  NAVOCEANO 
NAft  chart  4).  Data  used  in  figure  27  are  identified  in  table  XIII. 
Locations  of  the  data  relative  to  station  Q-3  are  shown  in  an  insert 
to  figure  27.  Station  Q-3  is  located  in  the  northern  part  of  the 
intense  oceanographic  transition  rone  south  of  Davis  Strait.  In  this 
transition  zone,  8LCM  mixes  with  WGCW  in  the  upper  water  column,  and 
NACW  and  sinking  WGCW  mix  with  boluses  of  B&0W  below  500  to  600  m.  This 
can  result  in  abrupt  changes  in  sound  velocity  structures  throughout  the 
water  column  within  relatively  short  distances.  Furthermore,  a strong 
horizontal  front  occurs  in  this  region  at  depths  of  100  300  m.  This 

front  marks  the  bottoa  of  the  BLOW  laysr  and  is  a possible  source  of 
internal  waves. 


70 


CONFIDENTIAL 


CONFIDENTIAL 


RANGE  FROM 


PRO-ILE 

XBT  NUMBER 

DATE 
0 972) 

TIME 

(GMT) 

LAT 

(°N> 

LONG 

(°w) 

STATION  Q-3 
(nm) 

1 

QUEST  27 

28  Aug 

0410 

64°37 ' 

55°52 ' 

23 

2 

QUEST  28 

28  Aug 

0800 

64°59' 

56°11 • 

4 

3 

QUEST  29 

28  Aug 

1200 

65°08‘ 

56"25' 

12 

4 

QUEST  30 

28  Aug 

1800 

64°55' 

55°49 1 

7 

5 

QUEST  3t 

29  Aug 

0000 

65°00 ‘ 

56°07 ' 

3 

6 

QUEST  32 

29  Aug 

1230 

64*53' 

S&°04 1 

7 

7 

QUEST  33 

29  Aug 

1800 

64*43' 

55°32 1 

20 

3 

QUEST  34 

30  Aug 

oooo 

64*42 1 

55°57  * 

18 

9 

qUEST  35 

30  Aug 

0400 

65°21 ' 

55*57 ’ 

21 

Note:  Nominal  position  of  station  Q-3  is  65°00'N,  56°00'W 

TABLE  XIII.  IDENTIFICATION  OF  OBSERVATIONS  USED  IN  PHASE  III 
TIME  SERIES  STUDY  AT  STATION  Q-3  (U) 
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(C)  The  following  sound  velocity  profile  statistics  sunmarize 
conditions  during  the  48  hour  occupation  of  station  Q-3: 


NO.  OF 


MINIMUM 

MEAN 

MAXIMUM 

RANGE 

0BS 

MLV 

(m/sec) 

1458.6 

1461.5 

1466.9 

8.3 

9 

DSCD 

(m) 

40 

60 

80 

40 

9 

DSCV 

(m/sec) 

1443.2 

1446.7 

1451.1 

7.9 

9 

CD 

(m) 

180 

220 

270 

90 

9 

The  maximum  depth  of  the  DSC  axis  (80  m)  occurred  on  profiles  1 and  9, 
while  the  maximum  sound  velocity  at  the  axis  (about  1451  m/sec) 
occurred  on  profile  1.  Sound  velocity  at  the  axis  on  profile  9 was 
only  0.5  m/sec  greater  than  that  for  profile  1.  The  minimum  depth  of 
the  axis  (40  m)  occurred  on  profiles  6 and  8,  while  minimum  sound 
velocity  at  the  axis  (about  1443  m/sec)  was  found  on  profile  4.  The 
diverse  positions  of  these  five  profiles  is  an  indication  of  extreme 
temporal  and  spatial  variability  in  sound  velocity  at  station  Q-3. 

The  DSC  axis  at  this  station  coincided  with  the  temperature  minimum 
in  the  BLCW  core.  Both  the  depth  and  sound  velocity  at  the  DSC  avis 
showed  a 10-  to  14-hour  periodicity  during  the  occupation,  indicating 
possible  effects  of  internal  waves.  Effects  of  internal  waves  also 
are  evident  in  the  form  of  the  1460  through  1480  m/sec  sound  velocity 
isolines  below  the  DSC  axis.  These  internal  waves  probably  were  generated 
along  the  front  marking  the  bottom  of  the  BLCW  lover,  and  have  a period 
approximating  that  of  diurnal  tides  in  the  northern  Labrador  Sea 
(NAV0CEAN0,  1965a).  However,  internal  waves  are  not  solely  responsible 
for  the  observed  variability  in  DSC  structure.  During  the  5. 5-hour 
period  between  1230  and  1800  on  30  August  the  sound  velocity  at  the 
DSC  axis  varied  by  4.2  m/sec  while  the  depth  of  the  DSC  axis  remained 
at  a constant  45  m.  This  variation  is  not  a result  of  internal  motion, 
but  probably  was  caused  by  an  intrusion  of  WGCW  into  the  Baffin  Land 
Current.  The  total  variability  in  DSC  structure  at  station  Q-3 
apparently  was  the  result  of  temporal  and  spatial  variations  in  the 
environment  (i.e.,  caused  by  internal  waves  and  intrusions  of  WGCW  into 
the  Baffin  Land  Current).  Critical  depths  varied  between  180  and  270  m, 
and  also  showed  a 10-  to  14-hour  periodicity  during  part  of  the  occupation 
of  station  Q-3.  During  the  entire  occupation,  depth  excess  was  adequate 
for  convergence  zone  propagation  from  a near-surface  source  despite  the 
shallow  bottom  depth  (850  m). 
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(U)  Overall  variations  in  maximum  sound  velocity  in  the  mixed 
layer  and  the  sound  velocity  at  the  DSC  axis  at  station  Q-3  were  greater 
than  those  at  station  E during  Phase  III  (figure  26)  or  at  station  B 
during  either  Phases  I or  II  (figure  11).  This  indicates  that  the 
sound  velocity  structure  of  the  upper  water  column  is  more  complex 
in  the  northern  Labrador  Sea  than  in  the  central  Labrador  Sea  or  in 
the  region  immediately  north  of  the  Subarctic  Convergence.  The 
statistics  on  the  depth  of  the  DSC  axis  at  station  Q-3  were  identical 
to  those  at  station  E during  Phase  III.  The  DSC  axis  probably  re- 
presents the  maximum  depth  of  summer  warming  at  both  stations. 

Variation  in  critical  depth  at  station  Q-3  was  less  than  that  at 
station  E during  Phase  III,  despite  the  much  greater  variation  in 
near-surface  sound  velocity  at  station  Q-3.  This  indicates  that 
critical  -depths  at  station  Q-3  are  more  dependent  on  the  positive 
velocity  gradient  below  the  depth  of  the  DSC  axis  than  on  near-surface 
temperatures,  and  that  critical  depth  was  relatively  stable  south  of 
Davis  Strait.  At  station  Q-3,  critical  depth  occurs  at  the  approximate 
depth  of  the  horizontal  front  demarking  the  bottom  of  the  BLCW  layer. 
Below  the  depth  of  this  front,  the  sound  velocity  structure  showed 
substantial  variation  due  to  mixing  of  NACW  and  sinking  WGCW  with 
boluses  of  BBDW  descending  south  from  Davis  Strait.  The  nearly  iso- 
velocity layer  near  the  bottom  on  several  profiles  shown  in  figure  27 
probably  was  the  result  of  B8DW  boluses  mixing  with  NACW  below  the 
depth  of  the  WGCW  core.  The  WGCW  core  also  caused  the  marked  change  in 
positive  sound  velocity  gradient  at  depths  below  400  m at  station  Q-3. 

vU)  The  7.9  m/sec  variation  in  sound  velocity  at  the  DSC  axis 
during  the  48-hour  occupation  of  station  Q-3  is  of  the  same  general 
magnitude  as  the  9.5  m/sec  variation  in  this  parameter  at  station  0 
over  about  48  hours'  during  Phase  I (figure  10).  The  magnitude  of 
both  variations  is  approximately  double  that  at  station  B during 
Phases  i or  II.  At  station  D,  about  45?  of  the  total  variability  in 
DSC  structure  was  attributable  to  internal  wave  action,  the  remaining 
555  to  spatial  vuriations  in  the  position  of  the  Subarctic  Convergence. 
At  station  Q-3,  probably  about  half  of  the  variability  in  DSC  structure 
was  caused  by  internal  waves.  The  other  half  apparently  resulted  from 
intrusions  of  WGCW  into  the  Baffin  Land  Current.  About  60  rnn  north  of 
station  Q-3  on  the  southern  edge  of  Davis  Strait,  oceanographic  con- 
ditions are  even  more  comDlex  than  those  at  station  Q-3  or  in  the 
primary  OPAPEA  (figure  23;.  Even  greater  variability  in  DSC  structure 
would  be  expected  at  about  66°N  than  60  nm  southward  at  station  Q-3. 

0.  Sound  Velocity  Structure  Between  Station  B and  Carey  Islands 

(C)  Figure  28  shows  a series  of  39  sound  velocity  profiles 
plotted  at  their  position  of  observation  along  a t^ack  from  station  8 
to  Carey  islands,  Baffin  Bay,  during  Pnase  III  of  the  exercise  and  a 
contoured  cross  section  of  these  same  data.  This  section  is  not  a 
straight  line,  but  lather  a series  of  six  doglegs  that  describe  the 
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track  of  QUEST  (figures  4A  and  4B).  The  sound  velocity  profiles  ex- 
tend to  a maximum  depth  of  2000  m in  the  case  of  profile  1 and  to  a 
maximum  depth  of  about  850  m for  the  remainder  of  the  observations. 

The  contoured  sound  velocity  cross  section  extends  to  a depth  of  1000  m. 
Observations  used  in  figure  28  are  Identified  in  table  XIV.  The  bathy- 
metric profile  shown  in  this  figure  was  taken  from  the  following 
sources: 


• NAV0CEAN0  NAR  Chart  4, 

• NAV0CEAN0  Bathymetric  Contour  (BC)  Chart  415, 

• General  Bathymetric  Chart  of  the  Ocean  (GEBC0)  Chart  B-l , and 

• Canadian  Hydrographic  Service  Chart  896  (Arctic  Bathymetry 
north  of  72°,  0°  to  90°W). 

The  three  major  physiographic  features  along  the  track  are  the  Labrador 
Basin,  the  Davis  Strait  sill,  and  the  Baffin  Basin. 

(C)  Since  figure  28  extends  1500  nm  across  several  distinct 
and  diverse  oceanographic  regimes,  it  will  be  discussed  in  the  following 
sections: 


1.  Near-Subarctic  Convergence  section,  ranging  140  nm 
northwestward  from  station  B (about  54°N  to  56°N  along  the  figure  28 
track), 


2.  Law  :dor  Sc  v,-yre  section,  ranging  from  140  to  520  m 
(about  56°N  to  61 °N), 

3.  West  Greenland  Current  section,  ranging  from  520  to 
620  nm  (about  61 °N  to  63°N), 

4.  North  Labrador  Sea  section,  ranging  from  620  to 
760  nm  (about  63°N  to  65°N), 

5.  Davis  Strait  section,  ranging  from  760  to  880  nm 
(about  65°N  to  67°N), 

6.  Southern  Baffin  Bay  section,  ranging  from  880  to 
1130  nm  (about  67°N  to  71 °N), 

7.  Central  Baffin  Bay  section,  ranging  from  1130  to 
1380  nm  (about  71 °N  to  75°N),  and 

8.  Northern  Baffin  Bay  section,  ranging  from  1380  run  to 
the  Carey  Islands  (about  75°N  to  about  76°45'N). 
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PROFILE 

XBT  NUMBER 

DATE 

(1972) 

TIME 

(GMT) 

LAT 

(°N) 

LONG 

(°W) 

1 

SANDS  122 

1 Sep 

0010 

53°58‘ 

44°46 

2 

SANDS  120 

21  Aug 

1600 

54°25' 

45°57 

3 

SANDS  119 

31  Aug 

1200 

54°50 ' 

46°48 

4 

SANDS  118 

31  Aug 

0800 

55°1 7 1 

47°55 

5 

QUEST  1 

22  Aug 

2011 

55°55 1 

47°37 

6 

QUEST  3 

23  Aug 

0400 

56°38' 

47°30 

7 

QUEST  4 

23  Aug 

1200 

57°37 1 

48°51 

8 

QUEST  5 

23  Aug 

1600 

58°07‘ 

49°40 

9 

QUEST  6 

23  Aug 

2000 

58°36‘ 

50°25 

10 

QUEST  7 

24  Aug 

0000 

59°03' 

51°06 

n 

QUEST  16 

26  Aug 

0400 

59°29' 

51°30 

12 

QUEST  17 

26  Aug 

0800 

60°00' 

52°14 

13 

QUEST  18 

26  Aug 

1200 

60°23' 

53°07 

14 

QUEST  21 

27  Aug 

0300 

50°53' 

54°  04 

15 

QUEST  22 

27  Aug 

0800 

61°31' 

54°14 

16 

QUEST  23 

27  Aug 

1240 

62°23' 

54°38 

17 

QUEST  24 

27  Aug 

1600 

62°53' 

54°59 

18 

QUEST  25 

27  Aug 

2000 

63°32' 

55°15 

19 

QUEST  26 

28  Aug 

0200 

64°1 3 1 

55°44 

20 

QUEST  27 

28  Aug 

0410 

64°37 1 

55°52 

21 

QUEST  29 

28  Aug 

1200 

65°08‘ 

56°25 

22 

QUEST  36 

30  Aug 

0800 

65°55 ' 

55°56 

23 

QUEST  39 

31  Aug 

0045 

66°25' 

57°56 

24 

QUEST  40 

31  Aug 

0410 

66°56 ' 

58°23 

25 

QUEST  41 

31  Aug 

0800 

67°40' 

58°  54 

26 

QUEST  42 

31  Aug 

1200 

68°23' 

59°15 

27 

QUEST  43 

31  Aug 

1600 

68°58' 

60°03 

28 

QUEST  44 

31  Aug 

2000 

69°32' 

60°14 

29 

QUEST  45 

1 Sep 

0000 

70°05' 

61  °07 

30 

QUEST  48 

1 Sep 

2115 

70°35‘ 

61°40 

31 

QUEST  51 

2 Sep 

1215 

71°  08 1 

63°14 

32 

QUEST  52 

2 Sep 

1500 

71 °34  * 

65°09 

33 

QUEST  53 

2 Sep 

2000 

72°00' 

67°00 

34 

QUEST  56 

4 Sep 

0415 

73°05' 

65°00 

35 

QUEST  57 

4 Sep 

0800 

73°38' 

64°35 

36 

QUEST  60 

5 Sep 

0000 

74° 1 8 ‘ 

66°12 

37 

QUEST  £1 

5 Sep 

0400 

74°40 1 

68°29 

38 

QUEST  64 

5 Sep 

1800 

74°59' 

71  °00 

39 

QUEST  65 

6 Sep 

0000 

75°27‘ 

70°28 

TABLE  XIV.  IDENTIFICATION  OF  OBSERVATIONS  USED  IN  STATION  B TO 
CAREY  ISLANDS  CROSS  SECTION  (PHASE  III)  (U) 
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All  eight  sections  are  indexed  in  figures  4A  and  4B.  Sections  1,  2,  3, 
5,  7,  and  8 are  represented  by  T-S/sound  velocity  comparisons  that 
have  been  discussed  previously  (figures  7,  21,  22,  23,  24,  and  25, 
respectively).  Sections  4 and  6 are  regions  of  transition  located  on 
either  side  of  Davis  Strait.  Sound  velocity  profile  statistics  on  the 
maximum  sound  velocity  in  the  mixed  layer,  the  depth  and  sound 
velocity  of  the  DSC  axis,  and  critical  depth  for  each  of  the  eight 
sections  are  summarized  in  table  XV.  Statistics  for  sections  3,  5, 
and  8 may  be  misleading  owing  to  the  small  number  of  observations. 

(U)  Section  1 of  figure  28  extends  northwest  of  station  B to 
a range  of  about  140  nm  and  includes  profiles  1 through  5.  Although 
the  entire  section  lay  on  the  cold  side  of  the  Subarctic  Convergence 
during  Phase  III  of  NORLANT-72,  it  was  influenced  by  a tongue  of  the 
North  Atlantic  Current  gyre  (figure  4A),  particularly  at  a range  of 
about  80  nm  from  station  8.  A mixed  layer  occurred  along  the  entire 
section  between  depths  of  20  and  50  m and  at  sound  velocities  between 
about  1479  and  1488  m/sec.  The  mixed  layer  was  best  defined  near  the 
Subarctic  Convergence.  The  depth  of  the  DSC  axis  varied  between  100 
and  180  m and  generally  decreased  to  the  northwest.  The  sound  velocity 
at  the  axis  decreased  to  the  northwest  from  about  1472  m/sec  near  the 
Subarctic  Convergence  to  about  1466  m/sec  at  56°N.  Critical  depth 
varied  between  820  and  1250  m and  generally  decreased  to  the  northwest 
of  station  B.  Along  this  section,  the  DSC  axis  coincided  with  the 
bottom  of  the  ASaW  layer  (figure  7),  and  the  positive  sound  velocity 
gradient  below  the  DSC  axis  was  relatively  free  of  perturbations.  The 
effect  of  the  Subarctic  Convergence  can  be  seen  in  the  domed  sound 
velocity  structure  on  either  side  of  profile  2 below  the  axis. 

(U)  Section  2 of  figure  28  extends  northwestward  across  the 
Labrador  Basin  between  ranges  of  140  and  520  nm  from  station  B,  and 
includes  profiles  6 through  14.  Station  E lies  in  the  approximate 
center  of  this  section.  The  entire  section  lay  within  the  relatively 
stable  Labrador  Sea  gyre  during  Phase  III,  and  was  bounded  on  the 
north  by  a strong  oceanographic  front  demarking  the  southwest  wall 
of  the  West  Greenland  Current.  This  front  extended  to  depths  of  at 
least  500  m.  A mixed  layer  occurred  throughout  the  section  at  about 
40  m depth  with  sound  velocities  between  about  1474  and  1482  m/sec. 

This  mixed  layer  was  best  developed  in  the  northern  half  of  the  section. 
The  depth  of  the  DSC  axis  varied  between  60  and  80  m and  did  not  show 
any  marked  dependence  on  increasing  latitude.  Sound  velocity  at  the 
axis  generally  decreased  to  the  northwest  from  greater  than  1465  m/sec 
at  56°N  to  less  than  1460  m/sec  along  the  West  Greenland  Current  front. 
Depth  and  sound  velocity  at  the  axis  showed  less  variation  in  section  2 
than  in  section  1 because  of  more  stable  oceanographic  conditions  in 
the  Labrador  Sea  gyre.  Critical  depth  varied  from  1060  to  390  m 
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northwest  across  the  Labrador  Basin.  The  670  nm  variation  in  critical 
depth  observed  over  section  2 (maximum  for  any  section)  was  mainly 
caused  by  variations  in  the  positive  sound  velocity  gradient  below  the 
DSC  axis.  In  this  section,  the  DSC  axis  coincided  with  the  depth  of 
the  temperature  minimum  in  the  LCW  core  (figure  21).  Frequent 
perturbations  in  the  sound  velocity  profile  immediately  below  the 
axis  probably  were  caused  by  intrusions  of  WGCW  into  the  Labrador  Sea 
gyre.  Such  intrusions  were  observed  during  a 48-hour  occupation  of 
station  E in  Phase  III  (figure  26).  Mean  values  of  maximum  sound 
velocity  in  the  mixed  layer,  the  depth  and  sound  velocity  of  the  DSC 
axis,  and  critical  depth  at  station  E agreed  well  with  mean  values 
of  these  parameters  over  the  extent  of  section  2.  This  indicates 
that  station  E was  a representative  site  for  the  Labrador  Seaf  gyre 
during  Phase  III. 

(U)  Section  3 of  figure  28  extends  up  the  continental  slope 
of  the  northern  Labrador  Sea  between  ranges  of  520  and  620  nm  from 
station  B.  This  section  includes  profiles  15,  16,  and  17.  Section  3 
lay  within  the  flow  of  the  West  Greenland  Current  during  Phase  III, 
and  was  bounded  on  the  south  by  a strong  oceanographic  front 
separating  this  relatively  warm,  high-salinity  current  and  the 
colder,  less  saline  Labrador  Sea  gyre.  At  about  63°N  this  section 
merged  into  the  intense  northern  Labrador  Sea  transition  zone.  A 
mixed  layer  occurred  on  all  three  profiles  at  a depth  of  about  40  m 
with  sound  velocities  between  about  1469  and  1476  m/sec.  The  depth 
of  the  DSC  axis  fluctuated  between  60  and  80  m across  the  section, 
while  sound  velocity  at  the  axis  varied  from  about  1474  m/sec  (profile  15) 
to  about  1469  m/sec  (profile  16)  over  a distance  of  about  44  nm.  Critical 
depth  continued  to  shoal  to  the  north  from  270  m at  about  61 °N  to  100  m 
at  about  63°N.  Profile  15  represents  the  maximum  effects  of  the  West 
Greenland  Current  along  the  station  B to  Carey  Islands  track  and 
generally  agrees  with  historical  summer  data  for  the  West  Greenland 
Current  in  the  northern  Labrador  Sea  shown  in  figure  22  and  in 
NAV0CEAN0  (1965b).  Sound  velocity  at  the  DSC  axis  on  profile  15 
was  about  15  m/sec  greater  than  that  on  profile  14  (section  2). 

These  two  profiles  were  separated  by  the  strong  West  Greenland 
Current/Labrador  Sea  gyre  front.  This  front  caused  the  closure  of 
the  1460  through  1472  m/sec  sound  velocity  isolines  and  resulted  in 
the  pronounced  domed  structure  of  the  1474  through  1480  m/sec  iso- 
lines below  the  DSC  axis.  Profile  14  Is  atypical  for  the  Labrador 
Sea  gyre  and  probably  lay  in  a detached,  well  mixed  gyre  of  the  Baffin 
Land  Current  that  penetrated  the  Labrador  Sea  gyre  during  Phase  III. 
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(U)  Section  4 of  figure  28  extends  up  the  relatively  shallow 
continental  slope  south  of  Davis  Strait  between  ranges  of  620  and 
760  nm  from  station  B,  and  includes  profiles  18  through  21.  Station  Q-3 
lies  at  the  northern  end  of  this  section.  This  section  crossed  the 
intense  oceanographic  transition  zone  in  the  northern  Labrador  Sea 
found  during  Phase  III.  Since  profile  17  represents  the  effects 
of  the  West  Greenland  Current  in  this  transition  zone,  the  profile  has 
been  included  in  all  section  4 sound  velocity  profile  statistics. 

Within  this  transition  zone,  the  Baffin  Land  Current  mixes  with  and 
obliterates  the  surface  effects  of  the  West  Greenland  Current.  This 
leads  to  sinking  of  the  WGCW  core.  Below  about  500  m,  sinking  WGCW 
and  NACW  mix  with  and  obliterate  boluses  of  BBDW  descending  from 
the  Davis  Strait  sill.  In  addition,  tidal  effects  in  the  relatively 
shallow  water  south  of  Davis  Strait  can  induce  formation  of  internal 
waves  along  the  horizontal  front  that  marks  the  bottom  of  the  BLCW 
layer. 


(U)  Extremely  large  temporal  and  spatial  variations  in  the 
overall  sound  velocity  structure  occurred  south  of  Davis  Strait  during 
Phase  III.  A mixed  layer  occurred  on  four  of  the  five  sound  velocity 
profiles  at  a depth  of  about  20  m,  and  was  best  developed  on  the 
northern  two  profiles  of  the  section.  Over  the  section  as  whole, 
sound  velocity  at  the  mixed  layer  showed  a variation  of  10.8  m/sec, 
the  maximum  such  variation  on  any  section  of  figure  28.  This  extreme 
variation  was  caused  by  intense  mixing  in  the  near-surface  layer.  The 
depth  of  the  DSC  axis  varied  between  40  and  80  m and  coincided  with 
the  BLCW  temperature  minimum  on  all  five  profiles.  Sound  velocity 
at  the  axis  varied  from  less  than  1467  m/sec  on  profile  17  to  about 
1446  m/sec  on  profile  21.  Critical  depth  increased  from  100  m at 
about  63°N  to  220  m at  about  65°N  and  generally  corresponded  to  the 
horizontal  front  marking  the  bottom  of  the  BLCW  layer.  A similar 
situation  was  observed  at  station  Q-3  during  Phase  III  (figure  26). 

(C)  The  20.9  m/sec  variation  in  sound  velocity  at  the  DSC  axis 
across  section  4 is  the  maximum  variation  in  this  parameter  found  any- 
where in  the  exercise  area.  This  variation  is  more  than  twice  the 
magnitude  of  that  at  station  Q-3  during  Phase  III  (figure  26).  It  is 
also  about  twice  the  maximum  variation  in  the  sound  velocity  at  the  DSC 
axis  found  in  the  primary  0PAREA  (9.5  m/sec  at  station  D during  Phase  I, 
figure  10).  This  remarkably  large  variation  occurred  over  a distance 
of  about  155  nm  within  20  hours.  Such  a phenomenal  amount  of  change 
could  only  be  the  result  of  tremendous  amounts  of  mixing  between 
various  intrusive  water  masses.  Much  of  this  mixing  must  have  been 
induced  by  internal  waves.  This  mixing  is  apparent  in  the  irregular 
and  varied  shapes  of  sound  velocity  profiles  17  through  21  and  in  the 
confused  pattern  of  sound  velocity  isolines  throughout  section  4.  The 
intense  sound  velocity  variability  south  of  the  Davis  Strait  should 
have  pronounced  effects  on  sound  transmission. 
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(C)  Section  5 of  figure  28  spans  the  shallow  Duvis  Strait  sill 
between  ranges  of  760  and  880  nm  from  station  B,  and  includes  profiles 
22,  23,  and  24.  The  overall  sound  velocity  profiles  in  this  region  were 
very  complex,  but  only  below  the  DSC  axis.  Various  perturbations  in  the 
positive  sound  velocity  gradient  below  about  100  m were  caused  by 
inflowing  WGCW,  outflowing  BBDW,  or  mixing  of  these  water  masses 
(figure  23).  A well -developed  mixed  layer  occurred  on  all  three 
profiles  at  about  20  m depth  and  at  sound  velocities  between  about 
1451  and  1461  m/sec.  The  10.2  m/sec  range  in  the  sound  velocity  at 
the  mixed  layer  was  caused  by  mixing  between  the  West  Greenland 
Current  and  Baffin  Land  Current  in  the  near-surface  layer.  The  *an 
depth  of  the  DSC  axis  was  70  m.  Sound  velocity  at  the  axis  varied 
between  about  1441  and  1446  m/sec.  The  magnitude  of  this  variation  is 
about  one-fifth  that  of  section  4.  The  greater  stability  of  the  DSC 
axis  along  section  5 was  due  to  the  overwhelming  presence  of  BLCW 
at  depths  of  about  30  to  200  m.  On  all  three  profiles,  the  DSC  axis 
coincided  with  the  BLCW  temperature  minimum.  Critical  depth  In 
section  5 varied  between  140  and  240  m owing  to  variations  Delow  the 
BLCW  core  and  variations  in  the  near-surface  layer.  The  near-bottom 
sound  velocity  maximum  on  profile  23  was  caused  by  WGCW  flowing  north- 
ward over  the  Davis  Strait  sill  into  southern  Baffin  Bay.  The  near- 
bottom isoveloolty  layer  on  profile  24  resulted  from  mixing  of  WGCW 
and  BBDW.  Inflow  of  WGCW  over  the  Davis  Strait  sill  is  evident  in 
the  form  of  the  1464  through  1472  m/sec  sound  velocity  isolines  below 
the  DSC  axis,  particularly  in  the  region  just  north  of  the  Davis 
Strait  sill.  Although  near-bottom  flow  does  not  directly  affect 
critical  depth  over  the  Davis  Strait  sill,  limited  depth  excess  (less 
than  200  m)  and  variation  of  the  near-bottom  sound  velocity  profile 
could  impede  underwater  sound  transmission  between  the  Labrador  Sea 
and  Baffin  Bay  during  Phase  III. 

(U)  Section  6 of  figure  28  extends  generally  north-northwestward 
across  southern  Baffin  Bay  between  ranges  of  880  and  1130  nm  from 
station  B,  and  includes  profiles  25  through  30.  In  this  region,  the 
upper  200  m of  the  water  column  are  dominated  by  BLCW.  Between  about 
200  and  700  m,  BBDW  mixes  with  a tongue  of  inflowing  WGCW  and  eventually 
winnows  out  most  of  the  WGCW  core.  Below  about  700  m,  southern  Baffin 
Bay  is  occupied  by  relatively  uniform  BBDW.  During  Phase  III,  a well- 
developed  mixed  layer  was  found  on  all  profiles  in  this  section  ut 
10  to  20  m depth  with  sound  velocities  between  about  1452  and  1459  m/sec. 
On  profile  25,  sound  velocity  varied  from  1441.6  m/sec  at  the  surface  to 
1457.7  m/sec  at  20  m (gradient  of  about.  0.8  m/sec/m).  This  was  the 
maximum  such  gradient  observed  in  the  NQRLANT-72  data  and  was  caused 
by  a temperature  maximum  inbedded  in  an  extremely  strong  halocline. 

Even  stronger  positive  sound  velocity  gradients  in  the  near-surface 
layer  were  observed  in  historical  data  (figure  24).  The  D5C  axis 
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generally  deepened  to  the  north  across  section  6 from  40  m at  about 
67°N  to  90  m at  about  71 °N.  This  abnormal  increase  probably  was 
caused  by  a less  pronounced  flow  of  the  Baffin  Land  Current  in  the 
northern  part  of  the  section  (southern  edge  of  Baffin  Bay  gyre). 

Sound  velocity  at  the  DSC  axis  varied  between  about  1440  and  1445  m/sec, 
and  was  generally  less  in  the  southern  part  of  the  section.  Critical 
depth  remained  relatively  constant  across  the  section  (mean  depth  of 
220  m)  and  corresponded  to  the  horizontal  front  marking  the  bottom  of 
the  BLCW  layer.  Below  about  300  m,  the  northerly  flow  of  WGCW  is 
strongly  indicated  by  the  shapes  of  the  1464  through  1472  m/sec 
sound  velocity  isolines.  At  a range  of  about  1060  nm  from  station  B, 
this  inflow  apparently  was  forced  to  rise  in  the  water  column  by  a 
flow  of  BBDW  (sound  velocities  less  than  1467  m/sec).  Mixing  of  WGCW 
and  BBDW  caused  extremely  irregular  sound  velocity  structures  below 
about  300  m throughout  southern  Baffin  Bay. 

(U)  Section  7 of  figure  28  extends  north-northwestward  to 
northwestward  across  central  Baffin  Bay  at  ranges  between  1130  and 
1380  nm  from  station  B,  and  includes  profiles  31  through  36.  This 
section  lies  over  the  relatively  deep  water  of  Baffin  Basin  and  within 
the  Baffin  Bay  gyre.  The  upper  200  m of  the  water  column  along 
section  7 is  dominated  by  the  Baffin  Land  Current.  However,  in  central 
Baffin  Bay,  this  current  is  far  better  defined  off  the  east  coast  of 
Baffin  Island  (figure  4B).  In  central  Baffin  Bay,  the  WGCW  core  is 
much  less  pronounced  than  the  core  farther  to  the  south.  The  entire 
Baffin  Basin  below  about  700  m is  occupied  by  BBDW.  During  Phase  III, 
a well  developed  mixed  layer  at  depths  of  10  to  20  m was  found  on  all 
profiles  at  sound  velocities  between  about  1462  and  1469  m/sec.  Mean 
sound  velocity  in  the  mixed  layer  in  section  7 exceeded  that  in 
sections  4,  5,  or  6,  due  to  decreased  surface  effects  of  the  Baffin 
Land  Current  and  extremely  low  salinities  in  the  upper  20  m of  the 
water  column  (generally  less  than  30°/o<j,  figure  24).  The  depth  of 
the  DSC  axis  varied  between  40  m on  profile  35  and  130  m on  profile  36. 
This  90-m  variation  (maximum  variation  for  any  section  of  figure  28) 
probably  caused  by  variations  in  the  flow  of  the  Baffin  Land  Current. 
Sound  velocity  at  the  DSC  axis  generally  Increased  to  the  north  from 
about  1440  m/sec  on  profile  31  to  about  1444  m/sec  on  profile  36. 

Mean  critical  depth  for  section  5 (750  m)  was  greater  than  that  on 
any  other  section  except  section  1.  Anomalously  deep  critical  depths 
in  central  Baffin  Bay  were  caused  by  an  increase  in  the  sound  velocity 
of  the  near-surface  layer  and  the  predominance  of  cold,  dilute  BBDW  over 
WGCW  at  Intermediate  depths.  Critical  depth  approximately  corresponded 
to  the  top  of  the  BBDW  layer  throughout  the  section.  The  large  variation 
in  critical  depth  (540  m)  along  section  7 was  caused  mainly  by  changes 
in  the  near-surface  sound  velocity  structure.  The  marked  change  in  the 
positive  sound  velocity  gradient  between  about  300  and  500  m corresponded 
to  the  depth  of  the  much  diminished  WGCW  core  in  central  Baffin  Bay. 
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(C)  The  final  section  (section  8)  of  figure  28  extends  north- 
westward from  a range  of  1380  nm  from  station  B to  the  Carey  Islands 
in  northern  Baffin  Bay.  This  section  includes  profiles  37,  38,  and  39. 
The  general  sound  velocity  structure  of  northern  Baffin  Bay  is  similar 
to  that  in  central  Baffin  Bay  despite  the  absence  of  the  Baffin  Land 
Current  and  BBDW.  These  water  masses  are  replaced  by  Arctic  Water 
from  Smith  Sound.  Only  a slight,  well -mixed  core  of  WGCW  is  present 
south  of  the  Carey  Islands  (figure  25).  During  Phase  III,  a mixed 
layer  at  about  10  m depth  was  found  on  all  three  profiles  at  sound 
velocities  of  about  1458  to  1460  m/sec.  The  variation  in  the  maximum 
sound  velocity  in  the  mixed  layer  (2.5  m/sec)  was  the  minimum  such 
variation  found  in  any  section  due  to  the  surface  stability  of  the 
Arctic  Water  Current.  The  depth  of  the  DSC  axis  decreased  to  the 
north  across  section  8 from  110  m on  profile  37  to  50  m on  profile  39 
and  coincided  with  the  temperature  minimum  in  the  Arctic  Water  core. 

The  sound  velocity  at  the  axis  also  decreased  to  the  north,  but 
varied  only  0.7  m/sec.  This  extremely  small  variation  (minimum  for 
any  section  of  the  track)  further  indicates  the  stability  of  the 
Arctic  Water  Current.  Sound  velocity  perturbations  below  the  DSC 
axis  on  profiles  37  and  38  probably  were  caused  by  mixing  of  Arctic 
Water  and  the  well -mixed  WGCW  core.  Critical  depth  also  decreased  to 
the  north  along  section  8 from  390  to  280  m and  generally  corresponded 
to  the  bottom  of  the  Arctic  Water  layer.  However,  owing  to  the  shallow 
bathymetry  of  northern  8cffin  Bay,  convergence  zone  propagation  from 
a near-surface  source  probably  was  impeded  north  of  about  75°N  during 
Phase  III. 

(C)  Over  the  1500  nm  track  from  station  B to  Carey  Islands  in 
northern  Baffin  Bay,  maximum  sound  velocity  in  the  mixed  layer  varied 
from  1487.7  m/sec  (near  station  B)  to  1451  m/sec  (in  Davis  Strait). 

The  maximum  value  of  this  parameter  was  found  in  close  proximity  to 
the  North  Atlantic  Current  gyre,  the  minimum  occurred  in  the  Baffin 
Land  Current.  The  depth  of  the  DSC  axis  varied  from  180  m (near 
station  8)  to  about  40  m at  several  locations  north  of  Davis  Strait 
and  frequently  coincided  with  the  depth  of  a temperature  minimum  in 
the  LCW,  8LCW,  or  Arctic  Water  cores.  However,  the  relatively  constant 
depth  of  the  axis  along  the  track  (variation  of  only  140  m)  indicates 
that  this  parameter  generally  corresponded  to  the  maximum  depth  of 
suntner  warming  In  the  region  northwest  of  the  primary  0PAREA.  Sound 
velocity  at  the  DSC  axis  varied  from  1473.8  m/sec  (in  West  Greenland 
Current)  to  1440.2  m/sec  (in  central  Baffin  Bay),  a total  variation 
of  33.6  m/sec.  Critical  depth  generally  shoaled  from  1250  m near 
station  8 to  100  m south  of  Davis  Strait.  Over  the  Davis  Strait  sill 
and  in  southern  Baffin  Bay,  critical  depth  remained  relatively  constant 
between  140  and  240  m.  However,  over  the  Baffin  Basin,  critical  depth 
increased  markedly  to  a maximum  of  920  m because  of  higher  sound 
velocities  in  the  near-surface  layer  and  the  effects  of  extremely  cold, 
dilute  BB0W.  In  northern  Baffin  Bay,  the  mean  critical  depth  was  310  o. 
Generally,  critical  depths  along  the  track  were  as  dependent  on  the 
positive  sound  velocity  gradient  below  the  DSC  axis  as  they  were  on 
near-surface  temperatures.  Except  for  regions  over  the  Davis  Strait 
sill  and  just  south  of  the  Carey  Islands,  depth  excess  was  adequate 
for  convergence  zone  propagation  from  a near-surface  source  during 
Phase  III. 
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(C)  Along  the  entire  track,  overall  sound  velocity  structure 
was  least  variable  in  the  Labrador  Sea  gyre  (section  2)  and  most 
variable  south  of  Davis  Strait  (section  4).  Sound  velocity  at  the 
DSC  axis  varied  by  20.9  m/sec  over  a distance  of  about  155  nm  south 
of  Davis  Strait.  This  variation  is  about  twice  the  magnitude  of  the 
maximum  variation  found  in  the  primary  OPAREA  and  is  more  than  three 
times  that  at  station  E in  the  Labrador  Sea  gyre.  Furthermore,  this 
variation  is  about  two-thirds  that  over  the  track  as  a whole.  Such  a 
phenomenal  amount  of  variation  can  only  be  caused  by  intensive  mixing 
between  several  water  masses.  About  half  of  this  mixing  probably  is 
induced  by  internal  waves.  An  intense  oceanographic  transition  zone 
south  of  Davis  Strait  should  have  profound  effects  on  sound  propagation 
in  the  northern  Labrador  Sea  and  on  transmission  of  underwater  sound 
from  the  Labrador  Sea  across  Davis  Strait  into  Baffin  Bay  during 
sunmer. 

SUMMARY 


(C)  From  July  through  September  1972,  3 STDs,  6 CTD/SVs,  10  SVPs, 
266  XBTs,  and  154  AXBTs  were  collected  in  the  Labrador  Sea,  Irminger 
Sea,  and  Baffin  Bay  as  part  of  the  NORLANT-72  Exercise.  These  ob- 
servations were  collected  during  three  phases  that  corresponded  to 
early,  middle,  and  late  sunmer.  Sound  velocity  profiles  were 
calculated  for  163  XBT  and  AXBT  traces  using  the  equation  of  Wilson 
(1960)  and  historical  salinity  correction  factors.  Agreement  was 
generally  good  between  calculated  sound  velocity  profiles  and  sound 
velocities  measured  directly  by  the  CTD/SV  and  SVP  systems.  However, 
calculated  sound  velocities  below  the  DSC  axis  were  0.5  to  1.0  m/sec 
higher  than  measured  values  in  several  instances,  possibly  because  of 
an  error  in  Wilson's  equation  and  XBT  system  inaccuracies.  Data  were 
adequate  for  intensive  sound  velocity  analyses  in  the  following 
regions: 


• The  primary  OPAREA  (50°N  to  55°N  between  44°W  and  49°W) 
including  stations  A,  B,  and  D, 

• A track  between  station  B and  Denmark  Strait, 

• A track  between  station  B and  Reykjanes  Ridge,  and 

• A track  between  station  B and  the  Carey  Islands  in 

northern  Baffin  Bay. 

In  the  primary  OPAREA,  data  were  collected  during  all  three  phases  of 
the  exercise.  On  the  track  from  station  B to  the  Reykjanes  Ridge,  data 
were  available  during  Phases  I and  II.  Data  were  adequate  for  analysis 

during  Phase  I to  the  northeast  of  station  B and  during  Phase  III  to 

the  northwest  of  this  station. 
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(U)  During  all  three  phases  the  primary  OPAREA  was  dominated  by 
the  meandering  Subarctic  Convergence.  This  strong  oceanographic  front 
separated  an  unstable  gyre  of  the  relatively  warm,  saline  North  Atlantic 
Current  from  the  colder,  less  saline  Labrador  Sea  gyre.  Intensive 
mixing  of  North  Atlantic  Central  Water  (NACW),  Labrador  Current  Water 
(LCW),  and  Atlantic  Subarctic  Water  (ASaW)  across  the  Subarctic 
Convergence  caused  very  complex  and  spurious  sound  velocity  profiles 
in  the  primary  OPAREA  throughout  the  exercise.  Near-bottom  sound 
velocity  profiles  in  much  of  the  primary  OPAREA  were  affected  by  a 
flow  of  cold,  dilute  Norwegian  Sea  Overflow  Water  (NSOW)  that  enters 
the  western  North  Atlantic  through  Denmark  Strait.  This  water  mass 
caused  lower  sound  velocities  below  a depth  of  about  2200  m that  were 
most  pronounced  in  the  North  Atlantic  Current  gyre  and  under  the  main 
flow  of  the  Labrador  Current,  but  did  not  directly  affect  critical 
depths. 

(C)  At  stations  A,  8,  and  0,  the  DSC  axis  coincided  with  the 
bottom  of  the  ASaW  layer  whether  the  stations  lay  on  the  warm  or  cold 
side  of  the  Subarctic  Convergence.  At  station  A during  Phase  III,  the 
depth  of  the  DSC  axis  varied  between  150  and  220  in,  and  sound  velocity 
at  the  axis  varied  from  1470.4  to  1474.7  m/sec  (variation  of  4.3  m/sec). 
At  station  B during  Phases  I and  II,  the  depth  of  the  DSC  axis  varied 
between  80  and  360  m,  while  its  sound  velocity  varied  between  1469.3 
and  1473.6  m/sec  (also  a variation  of  4.3  m/sec).  Station  A lay  astride 
the  Subarctic  Convergence  during  Phase  HI,  as  did  station  B during 
Phase  I.  During  Phase  II,  station  r lay  just  north  of  this  front. 

At  station  D during  Phase  I,  the  DSC  axis  varied  between  100  and  380  m 
during  the  total  occupation  and  its  sound  velocity  varied  between 
1466.7  and  1476.2  m/sec  (a  variation  of  9.5  m/sec  over  less  than 
48  hours).  Station  D also  lay  astride  the  Subarctic  Convergence  during 
Phase  I,  but  in  close  proximity  to  the  center  of  the  unstable  North 
Atlantic  Current  gyre.  The  unstable  nature  of  this  gyre  and  mixing 
across  the  Subarctic  Convergence  were  ?*espori$ib1e  for  the  maximum 
variation  in  sound  velocity  at  the  DSC  axis  found  anywhere  in  the 
primary  OPAREA.  About  45X  of  the  variation  in  DSC  structure  at 
station  D during  Phase  I was  attributable  to  temporal  effects  (mixing 
induced  by  int<  'nal  waves  with  a period  approximating  that  of  the 
diurnal  tide).  The  other  55S  was  due  to  spatial  effects  (changes 
in  the  position  of  the  meandering  Subarctic  Convergence).  Depth 
excess  was  adequate  for  convergence  zone  propagation  from  a near- 
surface source  at  all  three  stations  throughout  the  exercise. 

(C)  Data  were  adequate  during  all  three  phases  to  construct  a 
sound  velocity  cross  section  from  station  B to  station  A (due  south) 
to  Grand  Banks  (southwest  of  station  A).  This  section  crossed  the 
North  Atlantic  Current  gyre  and  the  Labrador  Current  northeast  of 
Grand  Banks  during  each  phase.  A sporadic  mixed  layer  at  depths 
between  10  and  70  m occurred  along  the  track  throughout  the  exercise. 
This  layer  was  best  developed  and  most  persistent  during  Phase  III  in 
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response  to  increased  surface  insolation.  The  depth  of  the  DSC  axis 
along  the  track  remained  somewhat  similar  during  each  phase,  and 
varied  from  a maximum  of  320  to  420  m in  the  North  Atlantic  Current 
gyre  to  a minimum  of  30  to  50  m northeast  of  Grand  Banks.  In  the 
Labrador  Current,  the  DSC  axis  coincided  with  a temperature  minimum 
in  the  LCW  core.  Sound  velocity  at  the  axis  along  the  track  showed 
a significant  variation  between  phases  of  the  exercise.  In  the 
North  Atlantic  Current  gyre,  this  parameter  varied  between  1475.4  m/sec 
(Phase  I)  and  1480.2  m/sec  (Phase  III).  In  the  Labrador  Current,  the 
sound  velocity  at  the  axis  varied  between  1444.6  m/sec  (Phase  II) 
and  1455.4  m/sec  (Phase  I).  These  variations  are  attributable  to 
changes  in  position  of  the  Subarctic  Convergence,  fluctuations  in 
Labrador  Current  flow,  and  increased  development  of  the  North  Atlantic 
Current  gyre.  Critical  depths  along  the  track  were  about  400  m 
deeper  during  Phase  III  than  during  Phase  I owing  to  increased  surface 
insolation.  However,  depth  excess  along  the  entire  track  was  adequate 
for  convergence  zone  propagation  from  a near-surface  source  during  each 
of  the  three  phases  of  NORLANT-72,  except  at  the  southwest  end  of  the 
track  (over  the  Grand  Banks  continental  slope).  Along  the  station  B 
to  station  A to  Grand  Banks  section,  sound  velocity  profiles  were  most 
complicated  in  the  North  Atlantic  Central  gyre,  least  complicated  in 
the  Labrador  Current,  and  of  intermediate  complexity  in  numerous 
tongues  of  the  Labrador  Sea  gyre  that  protruded  into  the  primary 
OP AREA. 

(U)  Along  that  portion  of  the  above  section  that  extended  due 
south  from  station  8 to  station  A,  temporal  and  spatial  variations 
in  the  depth  and  sound  velocity  at  the  DSC  axis  were  greatest  during 
Phase  III  (260  m and  8.9  m/sec,  respectively)  and  least  during  Phase  I 
(130  m and  4.2  »/sec,  respectively).  This  was  caused  by  greater 
development  of  the  unstable  North  Atlantic  Current  gyre  between 
station  B and  station  A during  Phase  III.  Maximum  variability  in 
sound  velocity  at  the  axis  along  the  station  8 to  station  A track 
(8.9  m/sec  during  Phase  III)  is  of  the  same  magnitude  as  the  maximum 
temporal  and  spatial  variation  of  this  parameter  at  any  station  in 
the  primary  QPARtA  (9.5  m/sec  at  station  D during  Phase  I).  These 
variations  are  caused  by  the  predominance  of  the  unstable  North 
Atlantic  Current  gyre.  About  half  the  variability  in  DSC  structure 
at  station  D during  Phase  I was  attributable  to  temporal  variations 
(by  internal  wave  action).  About  half  the  variability  *n  DSC  structure 
encountered  in  the  vicinity  of  stations  A and  B during  NORLANT-72 
probably  was  also  temporal  in  nature.  The  other  half  probably  was 
caused  by  fluctuations  in  position  of  the  Subarctic  Convergence. 

(C)  Curing  Phase  I of  NORLANT-72,  a line  of  XB1$  and  AXBTs  were 
collected  between  station  8 and  a position  just  south  of  Denmark  Strait 
in  the  Iminger  Sea.  This  track  started  in  the  North  Atlantic  Current 
gyre  just  south  of  the  Subarctic  Convergence,  spanned  the  Labrador 
Current  gyre,  paralleled  the  Subarctic  Convergence,  and  ended  in 
the  relatively  wars,  saline  Irminger  Current.  A variable  mi*ed  layer 
occurred  along  the  first  half  of  the  track  t.t  was  generally  absent 
north  of  609N.  The  depth  of  the  DSC  axis  gen<  rally  increased  to  the 
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northeast  from  70  m in  the  Labrador  Current  gyre  to  about  600  m at 
54°N,  45°W.  In  the  Irtninger  Sea,  the  DSC  axis  coincided  with  the 
bottom  of  the  Irminger  Current  Water  layer  (a  derivant  of  NACW). 

Sound  velocity  at  the  axis  also  increased  to  the  northeast  from  less 
than  1465  m/sec  to  more  than  1480  m/sec.  Critical  depth  varied  from 
1150  m at  station  B to  520  m in  the  Labrador  Sea  gyre  to  1640  m in  the 
Irminger  Current.  However,  depth  excess  along  the  entire  track  was 
adequate  to  ensure  convergence  zone  propagation  from  a near-surface 
source.  At  the  northern  end  of  the  track,  the  near-bottom  sound 
velocity  profile  should  be  markedly  influenced  by  NS0W  overflow  from 
Denmark  Strait.  Historical  data  for  this  region  show  a near-bottom 
sound  velocity  maximum  corresponding  to  the  top  of  the  NbDW  layet 
(Guthrie,  1964).  Generally,  the  overall  sound  velocity  structure  was 
most  complicated  in  the  Irminger  Sea,  least  complicated  in  the  Labrador 
Sea  gyre,  and  of  intermediate  complexity  along  the  Subarctic  Convergence. 

(C)  During  Phases  I and  II  of  NGRLANT-7?,  two  lines  of  XBTs  were 
taken  between  station  B and  separate  positions  just  east  of  the  crest 
of  the  Reykjanes  Ridge.  These  two  lines  trended  east-northeast  and 
due  east  of  station  B,  respectively.  The  Phase  I track  started  in  the 
North  Atlantic  Current  gyre,  spanned  the  Labrador  Sea  gyre,  and  then 
crossed  the  Subarctic  Convergence  into  the  main  flow  of  the  North 
Atlantic  Current.  The  Phase  II  track  started  at  the  edge  of  the  Labrador 
Sea  gyre  and  ended  in  the  North  Atlantic  Current.  A mixed  layer  was 
absent  along  the  Phase  I track,  but  did  occur  between  20  and  40  m along 
most  of  the  Phase  If  track.  The  depth  of  the  DSC  axis  over  much  of 
both  tracks  was  approximately  the  same  and  varied  from  about  IOC  m 
at  station  8 to  about  300  m just  east  of  the  Reykjanes  Ridge.  At 
the  eastern  end  of  both  tracks,  the  depth  of  the  DSC  axis  increased 
rapidly  to  about  600  m and  coincided  with  the  bottom  of  the  NACW 
layer.  This  occurred  at  about  35°W  during  Phase  I and  at  about  30°W 
during  Phase  II.  Between  these  locations,  the  DSC  axis  was  as  much 
as  400  m deeper  during  Phase  I than  during  Phase  II.  This  anomalous 
situation  probably  is  the  result  of  sensitivity  of  DSC  axis  depth  to 
temporal  and  spatial  fluctuations  in  the  environment.  Large-scale 
fluctuations  in  sound  velocity  structure  would  be  expected  in  the 
upper  1000  <r*  in  the  relatively  shallow  water  over  the  eastern  flank 
of  the  Reykjanes  Ridge  because  of  mixing  between  NACW  and  transient 
cells  of  Mediterranean  Intermediate  Water.  Sound  velocity  at  the 
DSC  axis  along  the  track  Increased  to  the  east  from  1460.4  to 
1477.0  m/sec  during  Phase  I and  from  1468.2  to  1480.9  m/sec  during 
Phase  II.  Greater  sound  velocities  at  the  axis  during  Phase  II  were 
mainly  the  result  of  the  lesser  extent  of  the  Labrador  Sea  gyre  to 
the  south  and  west.  Critical  depths  along  the  station  8 to  Reykjanes 
Ridge  f-ack  were  about  400  m deeper  during  phase  II  than  during  Phase  1 
due  to  increased  surface  insolation.  However,  depth  excess  along  both 
tracks  was  adequate  for  convergence  zone  propagation  from  a ncar-surface 
source,  except  over  the  crest  of  the  Reykjanes  Ridge.  Generally,  sound 
velocity  structure  along  the  track  was  most  complicated  In  the  vicinity 
of  the  Subarctic  Convergence  (just  west  of  the  Reykjanes  Ridge). 
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(C)  During  Phase  III  of  the  exercise,  a line  of  XBTs  was  taken 
extending  1500  nm  northwest  of  station  B to  the  Carey  Islands  in 
northern  Baffin  Bay.  This  track  crossed  the  following  distinct  oceano- 
graphic regimes: 

1.  Near-Subarctic  Convergence  (station  B to  about  56°N), 

2.  Labrador  Sea  gyre  (about  56°N  to  61 °N), 

3.  West  Greenland  Current  (about  61 °N  to  63°N), 

4.  Northern  Labrador  Sea  transition  zone  (about  63°N  to  65°N), 

i 

5.  Davis  Strait  sill  '•‘bout  65°N  to  6/°N), 

6.  Southern  Baffin  Bay  (about  67°N  to  7lcN), 

7.  Central  Baffin  Lay  (about  71°N  to  75°N) , and 

8.  Northern  Baffin  Bay  (about  75cn  to  the  Carey  Islands). 

Oceanographic  conditions  changed  markedly  within  and  between  several  of 
these  regimes.  The  Labrador  Sea  gyre  and  the  West  Greenland  Current 
were  separated  by  a strung  oceanographic  *ront  extending  to  at  least 
500  m depth.  The  northern  Labrador  Sea  transition  zone  was  even  more 
complex  oceanographically  than  the  primary  OPARLA.  !n  this  region,  the 
Baffin  Land  Current  obliterated  surface  effects  of  the  Vest  Greenland 
Current  and  caused  West  Greenland  Current  Water  (WSCW)  to  sink.  Sinking 
WGCW  and  NACW  obliterated  boluses  of  Baffin  Bay  Deep  Water  (8B0W) 
descending  from  the  Davis  Strait  sill.  In  addition,  tidal  effects  in 
the  relatively  shallow  water  south  of  Davis  Strait  induced  formation 
of  internal  waves  along  the  horizontal  front  marking  the  bottom  of  the 
Baffin  Land  Current  Water  (BLCW)  layer.  In  southern  and  central 
Baff!n  8«y,  the  upper  200  m were  dominated  by  BLCW.  However,  oceano- 
graphic conditions  below  about  300  m were  quite  variable  due  to  mixing 
of  the  northerly  flowing  WGCW  core  with  extremely  cold,  dilute  3BDW. 

Just  south  of  the  Carey  Islands,  BLCW  and  BBOW  disappeared  and  were 
replaced  by  more  saline  Arctic  Water. 

(C)  During  Phase  III,  data  were  adequate  to  examine  sound  velocity 
variations  at  two  stations  along  the  station  B to  Carey  Islands  track. 

At  station  E in  the  center  of  the  Labrador  Sea  gyre,  the  depth  of  the 
DSC  axis  varied  between  40  and  80  m and  coincided  with  the  ICW  tempera- 
ture minimum.  Sound  velocity  at  the  axis  varied  between  1460.9 
and  1467.1  m/sec  (6.2  m/sec).  This  relatively  large  variation  ir  the 
stable  Labrador  Sea  gyre  was  caused  by  intrusions  of  WGCW  into  the 
gyre.  At  station  Q-3  immediately  south  of  the  Davis  Strait  sill,  the 
DSC  ay is  again  varied  between  40  and  80  m,  but  coincided  with  the  very 
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cold  BLW  core.  Sound  velocity  at  the  axis  varied  between  1443.2  and 
1451.1  m/$ec  (7.9  m/sec).  This  variation  is  of  the  same  general 
magnitude  as  the  maximum  variation  found  in  the  primary  OPAREA 
(9.5  m/sec  at  station  D during  Phase  I).  About  half  of  the  variability 
in  DSC  structure  at  station  Q-3  probably  was  caused  by  internal  waves. 
The  other  half  apparently  resulted  from  intrusions  of  WGCW'  into  the 
Baffin  Land  Current.  Below  the  DSC  axis,  sound  velocity  profiles  at 
station  Q-3  displayed  frequent  perturbations  caused  by  mixing  of  WGCW, 
NACW,  and  BBDW.  At  both  stations,  depth  excess  was  adequate  for 
convergence  zone  propagation  from  a near-surface  source. 

(C)  A mixed  layer  occurred  between  10  and  50  m on  most  profiles 
along  the  station  B to  Carey  Islands  track.  This  layer  reached 
maximum  development  in  southern  Baffin  Bay,  where  a positive  sound 
velocity  gradient  of  about  0.8  m/sec/m  occurred  in  the  upper  20  m. 

This  strong  gradient  was  caused  by  a temperature  maximum  imbedded 
in  an  extremely  strong  halocline.  The  depth  of  the  DSC  axis  varied 
from  180  m near  station  B to  about  40  m at  several  locations  north  of 
the  Davis  Strait  sill  and  coincided  with  a temperature  minimum  in 
the  LCW,  BLCW,  or  Arctic  Water  core  over  most  of  the  track.  The 
relatively  constant  depth  of  the  axis  along  the  track  (variation  of 
only  140  m)  indicates  that  this  parameter  generally  corresponded  to 
the  maximum  depth  of  summer  warming  in  the  region  northwest  of  the 
primary  OPAREA.  Sound  velocity  at  the  DSC  axis  varied  from  1473.8  m/sec 
in  the  West  Greenland  Current  to  1440.2  m/sec  in  central  Baffin  Bay 
(33.6  m/sec).  In  the  intense  transition  zone  south  of  Davis  Strait, 
this  parameter  varied  20.9  m/sec  over  a distance  of  about  155  nm.  This 
latter  variation  is  about  twice  the  magnitude  of  the  maximum  variation 
found  at  any  single  station  in  the  primary  OPAREA  and  about  two-thirds 
that  found  over  the  track  as  a whole.  Such  a phenomenal  amount  o? 
variation  can  only  be  caused  by  intensive  mixing  between  several  water 
masses.  About  half  of  this  mixing  probably  was  induced  by  internal 
waves.  Critical  depth  generally  shoaled  to  the  north  from  1250  ft 
near  station  8 to  1 00  m south  of  Davis  Strait.  Over  the  Davis  Strait 
sill  and  in  southern  Baffin  Bay,  critical  depth  remained  relatively 
constant  (140  to  240  m)  and  generally  corresponded  to  the  horizontal 
front  marking  the  bottom  of  the  BLCW  layer.  In  central  Baffin  Bay, 
critical  depth  increased  to  a maximum  of  920  m as  a result  of  higher 
sound  v.locit^es  in  the  near-surface  layer  and  the  effects  of  extremely 
cold,  di-ute  B80W.  South  of  the  Carey  Islands,  critical  depth  shoaled 
to  250  m.  Depth  excess  along  most  of  the  traci  was  adequate  for 
convergence  zone  propagation  from  a near-surface  source,  except  just 
south  of  the  Carey  Islands  and  over  the  shallow  Davis  Strait  sill. 

The  intense  oceanographic  transition  zone  south  of  Devis  Strait  and 
the  shallow  sill  depth  of  this  strait  may  preclude  meaningful  under- 
water sound  transmission  between  the  Lab" -dor  Sea  and  Baffin  Bay  during 
suaoer. 
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CONCLUSIONS 

1.  (U)  The  general  oceanography  of  the  NORLANT-72  area  is  more 
complicated  than  in  most  of  the  North  Atlantic  Ocean.  This  leads  to 
complex  and  variable  sound  velocity  structures  throughout  much  of  the 
exercise  area. 

2.  (U)  Sound  velocity  profiles  calculated  from  XBT  temperature 
traces  and  historical  salinity  profiles  using  Wilson's  equation 
generally  agree  well  with  measured  sound  velocity  profiles 

3.  (U)  T-7  XBTs  (maximum  depth  of  760  m)  are  excellent  sampling 
devices  for  the  NORLANT-72  area  owing  to  the  relatively  shallow  DSC 
axis.  However,  more  salinity  profiles  collected  during  the  exercise 
would  have  simplified  sound  velocity  analysis. 

4.  (C)  Sound  velocity  profiles  are  most  complex  and  variable 

in  the  primary  OPAREA  (50°N  to  55°N  between  44°W  and  49°W)  and  in  the 
region  just  south  of  Davis  Strait.  A similar  situation  would  be  ex- 
pected south  of  the  Denmark  Strait  sill. 

5.  (U)  In  the  primary  OPAREA,  sound  velocity  variability  is 
related  to  the  position  of  the  meandering  Subarctic  Convergence  that 
separates  the  relatively  warm,  saline  North  Atlantic  Current  gyre  from 
the  colder,  less  saline  Labrador  Sea  gyre.  The  Labrador  Sea  gyre  is 
far  more  stable  oceanographically  than  the  North  Atlantic  Current 
gyre. 


6.  (U)  South  of  Davis  Strait,  sound  velocity  variability  is 
related  to  mixing  between  the  West  Greenland  Current  and  the  Baffin 
Land  Current  in  the  upper  200  m.  Below  this  depth,  mixing  of  North 
Atlantic  Central  Water  with  Baffin  Bay  Deep  Water  boluses  also  causes 
substantial  variations  in  sound  velocity  structure.  Sound  velocity 
profiles  south  of  Davis  Strait  are  even  more  complex  and  variable 
than  those  in  the  primary  OPAREA. 

7.  (U)  Temporal  and  spatial  variability  appear  to  be  equally 
significant  in  controlling  DSC  structure  throughout  the  NORLANT-72 
Exercise  area. 

8.  (C)  Depth  excess  is  adequate  for  convergence  zone  propagation 
from  a near-surface  source  throughout  most  of  the  exercise  area  during 
NORLANT-72.  Exceptions  to  this  general  rule  occur  over  the  Grand  Banks 
continental  slope,  over  the  crest  of  the  Reykjanes  Ridge,  across  the 
sills  of  Denmark  and  Davis  Straits,  and  in  northern  Baffin  Bay. 

9.  (C)  The  shallow  sill  depth  of  Davis  Strait  and  the  intense 
oceanographic  transition  zone  in  the  northern  labrador  Sea  may  preclude 
meaningful  sound  transmission  between  the  Labrador  Sea  and  Baffin  Bay 
during  summer. 


92 


CONFIDENTIAL 


CONFIDENTIAL 


10.  (C)  Because  of  its  location  astride  the  meandering  Subarctic 

Convergence,  the  primary  OPAREA  does  not  appear  to  be  an  optimum  site 
for  sumner  acoustic  exercises.  This  also  applies  for  station  B 
situated  just  north  of  this  front  during  most  of  the  NORLANT-72 
Exercise.  A better  location  for  sumner  acoustic  exercises  would  be 
at  about  56°N,  45"Vi  in  the  relatively  stable  Labrador  Sea  gyre  where 
sound  velocity  profiles  should  be  much  less  complex  and  variable. 
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